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SECRKTARY OF THE SMITHSONIAN INSTITUTION, 


THE AKNTTAI* BEFOBT OT THE BOAB3> OF HEOENTE OF THE 
IHSTTTUTION FOB THE TEAE ETCHING JXJNE 30s 101T* 


SatlTllSOXlAS IXflTtTTJTlOX, 

C&iigrtM of the UnJf^d Staies* 

In accordance with section 5593 of the Revised Statutes of the 
United States. I hate the honor^ in bobali of the Board of Regents, 
to submit to Congress the annual repoH of the operationSj MCpendU 
tures* and condition of the Smithsonian Institution for the year end¬ 
ing June SO, 1911 . I hate the honor to bo, 

Very respectfiillVj your obedient s^ervant, 

Chakl&s D. IVALoyiT, Secr^etary^ 
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ANNUAL REPORT OF THE BOARD OF REGENTS OF TRE SMITHSOSUN 
INSTITUTION FOR THE YEAR ENDING m^E M, 1917. 


1> Annual report of the secretary, giving an aoooant of tha opera- 
tions and concUtion of the Institution for the year ending June 90, 
iPli, with statistics of exchanges, etc. 

2. Report of the executive committee of the Board of Regents, 
exhibiting-the financial affairs of tiic Institution, including a state¬ 
ment of the Smithsonian fund, and receipts and expenditures for tlie 
year ending June 30,191T. 

3. Proceedings of the Board of Regents for the fiscal year ending 
June 30, lOlT. 

4. General appendix, comprising a selection of miaeelluneoua mem¬ 
oirs of interest to collaborators and correspondents of tlie Institution, 
teachers, and others engaged in the promotion of knowledge. Tliese 
memoirs relate chielly to the calendar year lOlT, 
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REPORT 


OF THE 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

Chahli! D. Waicott 

FOR THE YEAR ENDING JITNE 30. 1917. 


rp ihe R&ard of of the Smithsoiwm InstUvtion: 

Gentlemen' ; I hftve the honor to submit herewith the ciistomnTY 
nnnun] report on the operation.'^ of the Smithsonion Institutif^i and 
its brandies during the fia^l year ending June 30, 1017. indudmg 
work pJaeed by Congress under the direction of the Board of Regcnta 
in the ITnited States XatiortHl Sluseiim, the Bureau of American 
Ethnology, tho International Exchanges, the National Zoological 
Park, the Astrophysical Observatory, and the TTnited States Bureau 
of the International Catalogue of Scientiiile Literature. 

The general report raiiews the alfuirs of the Institution proper and 
briefly ^iimmanKes the operations of its several branches, while the 
apfwndices ewitain detailed reports by the assistant secretary and 
others directly in charge of various activities. Tlio reports on opera- 
tintis of the National Muscitm and the Bureau of American Ethnology 
will also be pubHslied as independent volumes. 

THE .‘^MITHSOKIAX INSTlTUTIOy. 

the ESTAatlRnMETiT. 

The Smithsonian Institution was created an establishment by act 
of Congress approved August 10, 1046. Its statutory members are 
the President of the United States, the Vice President, the Chief 
Justice, and the heads of the executive departments. 

the boa HD OP RRtlENTS, 

The Board of Regents, which is charged with the administration of 
the Institution, consists of the Vice President and the Chief Justice 
of the United .States as ei officio members, three Alembers of the 
Senate, three Members of the House of Representatives, and sis citi¬ 
zens, “two of whom shall be residents in the city of Washington and 

1 



2 AKKUAI, REPORT SMITHSOBIAS i:?fSTITIT'nO&% 1EH7, 

th® otiicp four stiiill bft inhfthitafitii of RctiiiP Slntr, blit no tTi'o of thtin 
from the same State,” 

In the personnel of the board the only chiinge was the appoint¬ 
ment on January 15, XOlT, of Hon. Henry Wliite, of Maryland, to 
succeed Dr. Andrew D, WTiite, of Now York, who because of the in¬ 
firmities of age felt oompdled to resign after serving as Urgent for 
nearly 39 years. The roll of Regents on June 30, IBIT, was as fol¬ 
lows; Edward D. White, Chief JiLstice of the T'nited States, Chan¬ 
cellor; Thomas R. Marshall, Vico President of tho United StatK; 
Hanry Cabot Lodge, Member of the Senote; William J. Stone, 
Member of the Senate; Henry French Hollis, Member of the Sen¬ 
ate; Scott Ferris, Member of the House of Representatives; Ernest 
W, Roberts, former Member of Ihe House of Representatives; James 
T, Lloyd, former Member of the House of Representutivcs; Alex¬ 
ander Graham Bell, citizen of Washington, D. C.; George Gray, 
citisen of Delaware: Charles F. Choate, jr., citizen of Massachusetts; 
John B. Henderson, jr.. citizen of Wasdiingtcm, D. C,; Charles W. 
Fairbanks, citizen of Indiana, and Henry White, citizen of Mary¬ 
land. 

The board held its annual meeting on December 14, 1016. The 
proceedings of thot meeting, as also the annual Bnandnl report of 
the executive committee, have been printed, as usual, for the use of 
the Regents, while such important matters acted upon as are of public 
interest are reviewed under appropriate heads in the present report 
of the secretary. A detailed statement of disbursements from Gov¬ 
ernment appropriations, under the direction of the Institntion for 
the maintenance of the National Museum, the National Zoological 
Park, and other branches, will ho submitted to Congress by the secre¬ 
tary in the usual manner, in compliance with the low. 

nNAXCER. 

Bv the deposit of $4,000 derived from revenues during the year, 
tho permanent fund of the Institution deposited in the Treasury 
of the United States now amounts to $1,000,000, the limit authorized 
by Congress, and is divided ns follows; 


;;in[thaon fund.. — -- - - ------—,, !73f7,(VW*(XJ 

nalwl fttflJ. ....——-——-- 500. f» 

natnll too fund - ---.- a. 500. OO 

fnml- --- - -—- 210,000.00 

RhecA fund ------- OO 

.Vvery fnad^-—- -------—, H.OOO.OO 

Addiwn T. Bcid fanrt. ....-, -- IJ.000.00 

Lucy T. awl Oeorae W, Poara fund. . ^^--, 26 . 0*0,00 

Oeo;^K. Ranford fond,- -- -_ . t.ioo.OO 


Total fund Ifl the Treflanry of the rnited Sitat«g_ ___ 1,000,000.00 
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O^Acr re»e«r(se 4 , 

Re{;iBt(!r«d and Rflarante^d -t per cent bentU ftf Uia W«E Shore 
(tailroad Co., part of lefficy of Thontfts 0, Hodeklna Ipar 

value) - - -t42,mOO 

CouiKHi B I>ar rent bauds of the Brooklyn Rapid Tninsit Co., due 

July 1,1018 ivont) - -- - 040.83 

Coupon G per riein bonds of the AiTSBOtlca Nation, due Dec. 15 , 

1017 toust) - - ---- - -' -^ dOOB.TS 


Total (nventfM funds- —--— ---- 1.082,134,33 


With the exception o! $4,000 deposited in the Treasiin’, above 
noted, no other penonnent in vestments tvere made during the year. 
These deposits consisted of inierest accumiilntions and rentals onh'. 

Tile principal reventles of the Institution being collectable Jiilj' I 
and Janusr)' 1 each year, a surplus of co&h accuinulstcd at these 
times. Instead of allowing this surplus to be idle in the Treasury, 
the plan has been adopted to invest such sutns as may be spared in 
time certifiratefi of deposit i^ued by strong financial institutions of 
this city. The rate nf interest obtained on these certificates is 3 per 
cent per annnin and it is believed that approxinintoly $1,000 can be 
gained each year by this method. 

The income of tho Institution during the year, amoiinting to 
$e8.Cv40.52, was dcrivwl as follows! Interest on tho pcniument foun¬ 
dation. $61.490JSO; contributions from various sources for specific 
purposes. $16AW; and from other misoellancons sources, $10,528,03. 

.\dding the cash balance of $44,711,02 on July 1, 1916, the total 
resources for the fisi'al year utnounted to $l 33 ,, 360 ,r> 4 . 

The disbursements, which are given in detail in the annual report 
of the executive cominitce, amounted to $124,12T,98. leaving a 
balance of $J4,2S2..W in cash and on de]]osit in the Treasury of the 
I’nited States .Itme 30, 191T. 

In addition to the above specific amounts to be disbursed by the 
Institution there was included under the general appropriation for 
printing anil binding an allotment of $76^00 to cover the cost of 
printing and binding the Smithsonian annual report, and reporta and 
miscelhmeous printing foe the Government brnnehea of the Insti¬ 
tution. 

The Institution was charged by Congress with the disbursement of 
the following appropriations for the year ending June 30,1017, 


Inte nmtional esHin -- - .——^ 

Interna^lcDa1 oscIidd^^ deUcicncy net af Afir. 17, 

Anierfran ettiftfiJogy - - ^ — — -—- 

Astroplkyalcol fibMrvfttftry- — --—— ^ ^ ^ 

National ^Itiaeum; 

Pofniture and flstnres ----- 

Heatlns anil llg^tlnf- r^wm ■ fcT- -Ti— 



f3Zim 

asoa 

4S,ooa 

15.0CO 


55*000 

49>000 
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Xattnnitl —ContEniicd. 

Pn^scrratlon of cnltHtloiw__ __ ____ -__5300. OOO 

Bwkn . .. .. ..-,, 2,000 

roEdiiee-- -- 500 

Bnlldlog rgpnini_ ___ ______ 10,000 

National Zdologlcal Park _*____ 100,000 

latcrnailiml Cataloeue of Sclmtlflc Literature_ _ 7,500 


Total--- 581.600 


GENERAL CONSIDERATIONS, 

Throligbout its history the Smithsonian Inst itution has i^onstantlv 
cooperated with the executive departments and other establishments 
of the Gonfnunent in all matters pertaining to scientific flctivitiea. 
Particularly during the period of the present world ^var has the 
Inst-itiition l)ecn of service in connection with many important meas¬ 
ures, Every memher of its scientific staff, every one of its 500 
or more employees, has aided the Nation to the utmost in everv 
posable manner. The laboratories and workshops of the Institution 
and its branches have been utilized to their fullest extent and rnutine 
nffiiirs have taken second place whenever important national matters 
have needed attention. Tour Secnetarj', as president of the National 
Academy of Sciences, as chairman of the military commitlcp of the 
National Besearch Council, and as chBirman of the executive com¬ 
mittee (if the National Advisory Committee for Aeronautits, has had 
opportunity to keep in close touch wltli the needs of the Nation and to 
give such advice as has licen in his jwwer, especially in connection 
with the development of aeronatitics. 

The Tnstitiition was particularly fortunate in having ns former 
Secretary, Prof. S. P, Langley, who in gave to the world u jirac- 
tical dcinonstnition of the feasibility of mechanical flight bv a ma¬ 
chine heavier than air propelled "by its own power. To him the 
Nation to-day owes more than can lie told, and as an indication of that 
debt his memory is fittingly preserved in the name "Langley Field,” a 
tract of some LSOGacresnearllampton, Virginia, where extensive ei- 
periments of the highest importance to the art of aviation are now 
lieing carried on, Tlie Government has now been aroused to the su¬ 
preme worth of airplanes, machines which Professsair Longlev 20 vears 
ago foresaw would be of great service in times of war ^ well as 
peace. His prophecy has been fulfilled far beyond his hopes or 
dreams. The large machine with which his personal experiments 
ceaned in 1903 proved Its worth and its capability of actual flight 
during the past year. Change after change in the design of air- 
planes to adapt them for scouting, for fighting, and other militnrv 
purposes has followed in rapid succession until now aerial battle 
are of daily occiurence and nations are looking ahead to their ex- 
iise ijnfler peace conditions. 
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As stated m my last repoitj the otgamKatinn of the National Ad¬ 
visory Commitfor Aeronautics has made unnecessary for tho 
present the permanent establishment by the Stoithsoniaii Institution 
of the Langley AerodyanmicaL L-aboratory- Every faeility continuea, 
hows VC to be afforded to Federal bureaus to study aviation models 
and records posseseed by the Institution aod^ in particular^ to cx)n- 
suit the large Smithsonian Library on AoronautieSj together with a 
general card index of aeronautical literature. 

There has recently been erected adjacent to the Smithsotuan build¬ 
ing a temporary structure for the use of the United States Signal 
Scrivco esp^ially for housing aeroplanes of various designs and 
aviation appliances^ 

The executive committee of the National Advisory Committee has 
held monthly meetings during the year* and many problems of deep 
Importance have been discussed- 

Upon the iTccommendation of the committee there wag organised 
by the Council of National I>efcii£c the “Aircraft Production Board, 

“ to consider the situation in relation to the i[uaiitity productioD of 
aircraft in the United States and to cooperate with the officers of 
the Army and Navy and of other departments interested in the 
production and delivery to these departments of the needed aircraft 
in nceordanco with the miuiremenU of each department,” 

The committee also recommended to the Government the adoption 
of a contmuing program for the training of aviators and the produc¬ 
tion of airplanes and the cstublishinent of schools and an adequate 
organization and personnel of regular officers^ both in the Army and 
Navy for the efficient use of aircraft and direction of the aviators pro¬ 
vided for. As a result of the comniittee'i& activitiee the advance in 
aerial preparedness has been accelerated. 

The committee has I'sstablished a research laboratory at Langley 
Field, Virginia, for the carrying on of scientific investignCions. 
Among the ^veral suhcomiuittccs engaged in the study of aeronautic 
prohlems are thos^ on aerial mail service, aem torpedoes, aircraft 
oommunicatioQ, airplane mapping, relation of the atmosphere to 
aeronautics, standardisation of specifications for aeronautic nmteriak 
and aeronautic nomenclature, Epedfications for aeronautic instru¬ 
ments, radiator design, motive power* and safe design, construction, 
end navigation of aircraft* 

The second annual report of the National Adrisory Committeo for 
Aeromiutics was published during the year in a volume of G30 octavo 
pages, incluiUng technical reports on “ General specifications covering 
requirements of aeronautic instruments," ^ Nomenclature for aero¬ 
nautics,^* “ ilufUers for aeronautics/’ “Gasoline carbureter design,” 
and “Experimental researches on the resistance of air/* 

aai l&tT-2 
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itESEAECaES AND EXI* LOltATIDNlSu 

Tli« Tjsniil activities were cpntinued during the p^at year in adviinc- 
ing one of the fTiudament^l objects of the Smithsonian Ini^titiitinn, 
the of knottltii^e^ In this work various explomtionjj and 

researches were inaugurated or participated in by the Institution and 
its branches^ covering practically all diTisions of astroiioniieah an* 
thropoiogicalj biological, mid geolc^cal science, Tlie extent of these 
e:Eplorations and rcKScarchcs dnrmg the history of the Institution 
covers a wide range^ aUhoiigh a great deni mom of most important 
work could have been accompHshcfl Imd adequate funds l>een avail- 
able, Fricntlg of tho Institution have generously aided this work, 
particularly do ring the last few yours, through the cijutribution of 
funds for specific purposes, hut much yet remains undone, and op- 
porttinities for undertaking imp(>rtant lines of invcBtigation are 
comlantly being lost through lack of means to carry them into 
execution. 

Several propo$)ecl expeditions varioibs parLs of the world have 
been temporjirily delayed by the war iii Eurtjpe. 

I will here mention only Itriefly &ime of the recent activities of the 
Institution in these directions, and for details of other researches and 
explorations may rt^fer to the appendices containing the reports of 
those directly in charge of the sevens! branches of the Iiihtitution 
and alsii to the accounts given in the customary piimphkt review of 
this work published each year in the Smithsonian Miscellaneous 
DdlectionFi. 

o^>li-jcucai, Mr>/jtiATio?cs IS THE Canadian ROCiLiEfi, 

111 contlntiation of gcolojpeal work carried on by me for several 
years pant in the Canudian RtK^ky Mountains, I was engaged during 
the summer and early fall of 1916 in field investigations on the Con¬ 
tinental Diride forming the boundary lie tween Alberta and British 
Columbia, aoiith of the Canadian Pacific Hail way ^ The very heavy 
snowfall of the piwious winter, together with frec[ucnt snow and 
rain squalls during the summer, had made the conditions unusually 
favorable for taking photographs, the air being exceptional!v pure 
and dear during the field season, conditions, however, very ujifavor- 
aide for geolo^cid investigations. A largi- namber of photographs 
were secured, including a numljer of panoramic viewa madt-! ou con¬ 
tinuous films S feet m length. 

The sections examined and measoml e.xtend from the Mount 
Assinil>oine region southwest of Banff. Alljerta, northwest to tUa 
Kicking Horse Pass, where the Cariadiari Pacific Railway has bored 
a donhle loop through the mountainB on the north md south sid^ of 
the pflss- 
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The season’s work wiis undettaken with two principal nbjccki in 
view: First, to determine, if passible, the base Uno of demarcation 
between the Lower and Middle Cambrian; and second, to locate the 
eiact horizon of a Cumbrian snbfauna {Alberi^Ha) that had in ita 
entirety been found only in drift bowlders in the Kicking Horse \ al¬ 
ley east of Wajitii fj^ike. 

r>no nf the important incidetitnl refinlts obtained was the discovery 
at Wonder Pass of a great overthmat fault by which the bujail 
Cambrian rocks forming the mountains on the west side of tlie pass 
htive been throat eastward over npim the iimeatones of the t>evoninii, 
shown in the slope on the cast side of the past Th(i thrust along 
this fault Iiaa wirrii^ the rocks forming the main range of tho 
liockics in this area several miles to tho eastward. The fault crosses 
through order Pass and then curves to the northwest, soiithonst 
of Magug Lttkc, to tho great cliff forming the northern extension of 
tho Asssiniboirio massif. During the million or more J’ears that tho 
sgcncies of erosioa had been wearing away the great mass of rocks 
above tho fault, jiiuuntaia peaks, canyotui, and ridges havo been 
carved and polished by frost, snow, and the grinding force of hii]^ 
glaciers. The glaciers have now retreated to a point near theii 
origin, high up on the mountains, but they have left behind them 
basins tliot- are filled with beautiful lakes, such as ilagog, Suiiburfit, 
and Kosa. 

The line of demarcatioii between the Ixiwer and Middle Cambrian 
waa found to be higJi up in the section on the faco of tho cliffs at 
Wonder Pass, and tliroughout the Assiniboine massif. 

While camped on Magog Lake, below Mount Assiniboine, tjorne 
mtirveloua jxdlections of the peak in tho waters of the lake were seen 
in the f|uiet of the early morning. The chiuiges in the ** clmid ban¬ 
ners,” at tlie peak occur very rapidly. These views led us to regard 
the grand pyramid of Mount Assiniboine as the Matterhorn of 
.ikmerica. 

Northwest of Banff the broad valley of the Row has been eroded 
diagonally bock through the massivo scarf of the overthnist massif 
and fhtis exposed to erosion the heart of tho great- arch that had its 
crest over the region now occupied by Mount Victoria and otlier 
peaks of the Bow Range. 

Some photographic views were socured looking south across the 
Bow Valley into tho heart of the Rockies, A view of Pinnacle Peak 
telL the story of the tremendous power of erosive ngenciwi, where the 
colossal (fiiartzitcs and limestones are' shattered and eroded into the 
most fantastic forms. 

B'est of Pinnacle Peak, at the head of Paradise Valley. Mount 
Hiingabco rises in a termced wsll 4.000 feet above the glacier at jt.<i 
foot, while another glimpse of these great cliffs is seen under Mount 
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Lofroy^ ivliore the melting snows cascade dow^n as a bouutiful brook 
over tbo quartzite ledges. 

At lost, in the cliffs above Ross Lake the Aibcrtdia fauna was 
located in situ, and from the slopes above the lake a panoramic view 
w'as taken of Mount Bosw ortb^ above Kicking Uorse Pass on the 
Continental Divide. Although only l).0S3 feet in height. Mount Bos- 
Tvorfh cs^posed in iU slopes over 12^000 feet in thickness of bedded 
rocks that constitute one of the best sections of the Cambrian rocks 
found in the Canadma Rockies 

Ctmsiderable collections of Cambrion fossUs were obtained by 
myself and Mrs. WaJeott, who accompanied and workwl with me 
IhrougUout Ihc entire trip^ before the storms of lute Sepfceinljer drove 
IIS back to Banff and ended the research for the season. 

Many of the photographs taken in this wonderful region aru repro¬ 
duced in one of the publications of the Institution.^ 

OSOLOaiCAl. FIEU) STUDIBS. 

Dr. George P. MerrilL head curator of geology in the National 
Mciseiim;^ devoted several days of the Humnicr vacation period in lf)l0 
lo risiting the gotn and feldspar quarries of Auburn. Topshatm and 
neighboring areas in Maine. W'hile nothing now was secured, he 
wae able to add interesting mnterial to tiie Museum e:3ch]li]t illustmt- 
ing the character and a^€iciBtion of the pegmatite dike^ which is 
now being installed in the Museum. 

HUXTI^■a GaAinOLlTTO TS THE ArrALAClItAX VALLET, 

The great value of the extinct organi-sms known bs graptolitea in 
determining the age of geological formations which contain few and 
often nil other kinds of foaeils, has been proved time and again. 
During the summer of I&IG Dr. E. S. Bustler and Mr. G. E. Resser, 
lioth of the divimon of paleontology, United States National Mu¬ 
seum, bad occasion to test this particular group of fos^file in the 
course of a study of the Cambrian and Ordovician shale formations 
of western Maryland^ They report that-— 

Iteceut csccuTatloTH alonif the Western Maryltiail HaUmAil, in the shale 
Ml just wcfit of W'ilUaoispert and extendLog north anrt ^uth for humlmts ef 
miles, eirpoeCil these rcKlw to anch advantage that It; woij theuRbt posalhle 
etioiiifh fo33itb could ti*? fnuntl In them to detemilne their eiact ^logtc bec mnl 
Ftructnre. tlewever, no foaaUs of anjr Idnd a^ere fonml after mmh Bcurch, It 
wslh ttien dechletl Uuit (he roeks were elLhor barren of orgatiie Ufe or the eleav- 
anc produced la the strain bf the great forces resultlDB In Uielr present folded 
coadltlen tlestroj-e^l all tracifu of fossUa 

Flmillr a toiii of blnet ^lo was otMierved nhU ni tho paint where the 
cletx^lfe and the iM'ddlru? plauea eolnciaed. mbumiiuit i^naptciUte n^iualne wem 
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dIseoTered. Tbc Fpeele» which w'-ere calEectod provi^ tv he of such typical 
TrcntaEL forms that there ovuld be no duuht of the MlrliUe Ocdovlclnn of 
tliLn parllcular shale. Limestone kuowa to h& biuch order initcxrrp m short 
a clEe^iEDce to the east of this that a grea* fame or dtsplaeemenc lutwecD the 
two kinds of rocks is elisarty ImliScatetL 

IVith these fnctn In tuthd, the fault wnw traced for a dlfftmioc of 30 ullea 
north am] soath, thtm nnalri ediuwlni; that the p^iaptolltes proved tixe key to the 
j^lo^^le structure of the region. 

K2CnJnIlATl^l^a JX the OllIU VALI-KV for fossil ALQAE and coral REKl'S, 

Through the wctcnsive studies of tlic Secrotarj' for a^veml years 
past, the collections of the Natiomil Aluseuni ate rich in limesione- 
fotming pre-Cumbrian nlgue^a low order of water plants that 
secrete lime or silica. An instructive series of these fossils has been 
placed on exhibition, but in order to show' the geologic c>ccnrrt?aeo 
and cvohitimi of thi^ group of plants it was necessary to supplemeni 
the pre'Cambriaii forms with specimens of more recent uge. Ac¬ 
cord ingly Dr. R. S. Basder, curator of paleontolog>\ spent sonje 
weeks in the Ohio Valley, particularly in the blue grass region of 
Kontticky, in » acarch for large exhibition apeciinetia, and in a study 
of their mode of f>ccnrrcnee. He wm successful m procuriiig a num¬ 
ber of ahowy exhibition specimens as well us numerous study collec- 
iions. 

More diSiciiltt howevert was the discovery and quarrying of a 
fossil cortil reef sruitable for oxhihition in the MuseuriL Coral reefs 
arc known at several horizons in the Paleomie rocks of the Ohio 
Valley but they are seldem so exposed that an instructive section 
can be quarned out wiihont injury to the spccimena. A great reef of 
corals outcrops in the strtita along the banks of Chenoweth Creek at 
Jeffersontown, near Louisvillci Kentucky^ and this was selectcvl to 
furnish an exhibit for the Museum. A section of the sti atified rocks 
il feet by 10 feet w as bodily quarried out of the bank, and these strain 
with tJieir contained corals were later set tip in the exhibition hall of 
paleontology. 

The lowest layer of limestone is eomp<^ largely of fosdl brachi- 
oport shells. Next above h a layer w ith iscattered corals belon^ng to 
a long-tubed species (C'^/wwi^ioiritf KidiohiOn)j probably tom 

by weaves from a near-by coral reef. Overlying this is a limestone 
stratum largely made of the twiglike stems of stony Bryw&oa (Tre- 
XKJStomata)* 

The main reef of corab is chiefly composed of the rounded heads 
of three species of honeycomb oomls., soiar with radial partitions iti 
the tubes Gold fuss), cithers without such par¬ 
titions (CoJummria Foerste). and still others with spongy 

walls (l-isJapo^eia cribriform^ Nicholson). Large stems of fluted or 
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noliilnr llydroznu {Beoiiwru) ure saijiltt'txHl rtinong llie honoyctunb 

cffWii tiijisses* 

I lorn cuml^ ru^ticum Billmg^) ^re Lo be sccM m 

both the lower and upper coral beds. The spaceis between the liJiio- 
stone layers and also between the beads of coral were filled with 
clay w'hieh contained many other examples of foaaii life. 

A not her coral reef in central Kentiiefey conijHJi^Hi of a single 
Bpecies {Str^niaio^^riu^n pmNiosuni Sailord) was investigiiUsd atid 
se^iTil massive and complete specimens excavated for ejchibUioii. 
The smallest of these wna several feet in dlaincti^r. Tiu^se conical 
coral masses nre restricted to n single layer of limestone^ on wbicli 
tut»nnt they ^rre to identify the bod from place lo place. This 
<:<jrul iwf occurs in the Tivnton limestone and fine outcrops occur 
arnnrifl Lexington, Kenlticky. smd it has noted at many localities 
in r^'ntnil Kentucky ami rentral Tennessee, 

KXAVIINATION or ANITEXT ill MAN REHAfXS EN 

A good ileal of public and scientific interest wna arou^ by the 
finding of human remains in Florida under <n:mditioit5 which seemed 
Ijoesiblv to indicate e.xtrcnic age. It was therefore desirable that a 
iTiticnl examination Ijc made of the bones and their environnirnL 
Aa^rdiugly^ on the invitation of Dr, E. IL Sellards^ Static giiologigt 
of Florida, and as bk guest* Doctor Hrdlifka, of the United States 
Xational lIuseTim, wpent fmir clays in the latter part of Octolier. 
1916, at Vern, Florida, where hb time was devoted to the study of 
ihc site from which certain human l>ones described by Doctor Sel- 
lards were obtained* and to a preliminary examination of the boniss 
themselves, 

l>ocanr ilrdlirka rcliorts as follows; 

tJilH^rers wen- nail vc\l\i their help rhere was mfole s rtpan eitioHnrp 

ntK>nt l6ti* ftel In leajnh of ibe pei>Uirtcnl UrjsoffUH iu clfwe prosingty ra tlkc 
Inotlltlfis wtLvre- tile liiuuaa iMita!^ had been UlBeoVenMi: Thia atlorUcft a eoai- 
Ijn^hanalvo anil eanglitetilns vtvw of the ronaiitlaan TavoKefl. 

Tlio two huaiiiii skeletons Had l^f^ea fDuud La KM aoutli banV of n rcc^iitly 
eicavaled dmtuaio* cainal, Tliey occurrsi one In fairly doae proximity tri* 
iLtbd the cElher wUhln tbo braadp filsulJow licrd uf u sianll freali-water tflnaiiai 
aow ilralaed hy a latoral cut from the eannl The former Iny m dark Dm! 
numewlmt Uidiinttetl rtiiailf^ the latter for tiie tnmit part nt the base of the tcniLdc 
il^fwslt of the atreftia IhhI^ aad iietwix^ti thin and the next aider stratuau A 
few flinnller lawn^Sp whlLh ni%>litihly belon^j pj the Akeletoti, were Couml 

at ahoat ihe same level a Hhort diatpuce frf>nj the rust of the reamlna in an 
elevfltloa of the leaver «nnily Inyor, 

The tlrpi HkeliMim lay m n depth of fi-<^r. ihc necaml at a cletith of 2 ti> 3^ 
feet from ihi? sarfncv. Tlie depoakts ab<Eve the Unii skeletoo iH»nKisled parity 
uf Hjaiewlmt lai1uriiLi,>t| and imltly of oriUDan' flfliiMla, overlnld by a Inycr 
jiiorU The marl wh^n freshly extJosed was foiixut to M of the cehHj^tenoy of 
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fivsb nKu-tziri but on longer OEpoinrc hnrilfMkci] to fiilrly boIIiI roclL Abovo 
sJveleton Ko. II vras only nmcb &Dil Lriv^lRr sandy [MitchoB. 

Skc-loton Xuu I is that of n wonuitit j^niliiibly nilult; ^k^^leton No. II thiit of hu 
^ nduU luiin of aouiowliot; y«um THo boniss of tho funiH>r Luy dose to- 

l^eilicr; tbose or tlie u'cr^ ilL^^-lutod^ ttvouj^N iyiuji; iviibin a tuodornto-slxiH] 
Brvkpu tiotiarr, iKioti and hcodc lmpli?inontH| aad chlpa were foatal 
Ld tbc same strntn, luore partlcuiarly In the murk InyerR, with the hairuin Ixaifau 

JlcflUles the two akeleijuius slnale boncn of three EKiiSitlimiil human —oRe 

n ehUeJr one a youu:: persocu mid one adult— w^ve dlscoT^red In the vlelnity. 

Tiao human boues were eonuldorably ndueroIlEed, iind in the same strata In 
wbJeh they oeeurreil are found many bones of long-cxtinct anlmaLs, such os 
miiatii4ona> taiilrw* 

lytw to tlie prpjwvnoe of thti fossfJ unluuiL bones In Um ‘same strata with the 
hunatLD remn bis;, and to the mlnenib^ion of the Intter, tho tqiluian wets ad¬ 
vanced that tbe hucann remaSos were of the same use oa the aalmat tHinas, 
which would reiepniG them to the earSy port of tho Ourtternary. 

This is not siisftJiliiiat by an nnthnipdH^^cnl stmly of the cniw niiil of the 
n>£Ei[LhtB. The hiniuLii iKinoa shew no sijma of weatherlmfp fmawlon^ or trnmplhif; 
BDii tixe tw'o MhrliderfcH were repn^senteJ hy so many parts that the only sHtla- 
fartory explflaatlmi of the coudLUotis can be found In the assaimptlon. that the 
n^dmlns ure ttwine uf lidcritionat htiriata. 

l^e potter^' nad the t»r»ae amt stone Ktnpiemenhi nre all filentleal with idmilor 
nrttfarts of the llorhln or fiouthenisleni Indiana, while the huainu lamea them¬ 
selves show, without eiceptiotip mixlern features* wllh numermL^ clmracterlstlca 
which penult tlndr hlentlflrutloii also ns ImUaii. 

Tlie amdusltins arrived at ure tlint the Ycro finds n?prGSCDt another of thofse 
cfases, which are hound to oceor from time to'time, where the clrcumslAnM 
aeeni to pnlnt to nntlaulty of tTie human banes* but w’here a thorou(d^i nll-sldwl 
ItHjiilry abtjws that the ribks af llw erkleiwe la decisively aim Inst such nn ofr 
^mpPooL 

Following tho rimt to Ycro^ Doctor Hrtliicka pnado u trip to Fort 
flyers. Florida, and to several of tie outlying keys* whore human re* 
nmiDS wore reported. The partieiilar objoct of this trip was to visit 
a pmall isknd off Fort Myers known as the Demoreat or Demore Key, 
on whidi^ according to infoitnhtion otitained from Mr. Sam L* King, 
of BrifitoltTeiine^sec> bomaji bon^ eouid be found imbedded in con- 
crtst ionary materiuleL^' Concerning these rcpuiixks Doctor Ilrdiicku 
says! 

rN?inere Key, HkC Kurffioe of which nicasim^ abmit 1E5 acreis artpfaftlly 
a Inw and twiiuipy biliiud^ like all of the small kajE In the rlelnlty. hut a hurser 
pjirt of Un fturfuce was In Urn enur^ie of time artlflelatlf elevjitt>d ljy the ImlkiuB, 
hy means of shellJ^ snUtV tl»e ptirpriw of bah! la lion a nd cultlvatloa. 

Along tbfl middle of thin InrKe artlrlplid elevation runs a mniirkiihle platrertn 
alwiiit Sd* feel Umg* the eoslem bounilary of which Is supportefl by a still fairly 
w'ell preserved, w^ell-tnada wall of eonch HhelU. ThUi stnjettufe has been brleeiy 
retKPrteil by Cushinp and by ilr. Qnreuea B. lloore^ but Its oilEin Is In doubt. 
At a short dS^nce northeast of tUU elevaUoti there Is a low, Irregitlar heap 
whirl] contains tiQmoiH»iis Indian buiiula. On examining the surface f»f this 
heap It was found to consist of aliolls, detritus, sand^ and vogetable tmitter, and 
In Im* every where ninre or lem eiiitri4iUdated to the iloptli of frop] 11 to 11^ Inrhea. 
Tl]e consollUatJou was such that In nuiti^' pluces it WTts very hard to iH^aetnite 
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Uie enist witii HB orrtliwiry puitEoct WUbitii ttiL^ craitt, era breaking mrt^ of !t 
oft and tnming tliem oTer, w<^re fomi’d nutnnrftiut hiittmu booes. Including somo 
niuri! or IffiiS defectlT^ KknliA Beneath the trijirt waft whSto Efinil, wliteti also 
ooDtAlneit nmn;? bones, with ft fiaw Imllan onmmeiitis ond fnigmenta of pottery. 
Tlio consoBilfttod mist dlfforeil Ib oompoBlHon. Fnr th« lairor part Si was 
<04lulCLaH of iu^t ttbout snch a cftBipaflUSen ns beocti hethcnulfttlonji sLod^ tbo 
Bpa £ but in other p^*™* the ^lldifled part corifllated nlnKiAt entlriily of wblto 
MBd, wliUe In still otlsors It waw a dnrt cortcmloiraTy iehiss iuelofjtdg stndK 
sanij^ and Tegntohlo matter, tw^iide^ the bones. The bmnnn bone^n tbimgh ovl- 
ileutly more or lOfiS ebrniffeil, were mit yet ivthI the nicmnd as ft whole 

HppenrN to hftTe po elnlni to afttltL^ity gnater than perhaps a few huDdred 
yeorK: but Ibf surfaco otfers n fine e^toraple of what fnYomhlo oondltiDos ran 
ueoeiiiplish In no great space of time In the wny of eonsoTIllation and iDelnalon 
into wk of buDniB reran lua 

lilOLOGlCAL WOftK TS- UU^\ ANP HAITT. 

Hr. Jotn B. Ilcndersoiit ft Begent of tke Institution, and Dr. Paul 
Bartsch, curator of marine invertebrates, spent the last half of iliuTh 
in the region about the Guiintananio Naval Station in eastern Cuhftj 
collecting a large quantity' of very intoresting land ^lells, bird^ 
plants, fossils, and marine invertebrstoa. The month of April was 
spent in Haiti, where they thoronghly explored the Onl-de-Sae region, 
the north coast of the western peninsulftt nnd the coastal range from 
the Ciil*di>Sac north as far ns San Harcos. Tticy secured many in- 
U-rcsting apecimeDs of land and freah-water mollueks, several new 
binb, some very interesting cacti and other plants^ and a general in¬ 
vertebrate collection fmm iln^ much-neglected island* A large seriiBs 
of interesting photographs was also mad% many of which will be 
used in a report on the expedition which the explorers hope to pub^ 
lish in tliB near future. 

BoVAKicAL ExrLoaAnoxa in the Hawaiian isLANna. 

Daring the summer of from June to November, Mr. A. S. 
Hitchcock, ciistodiatt of the section of gra^ees of the divjsioti of plants 
in the Nfttional iluseura, traveled in the Hawaiian Islands studying 
and collecting the flora, especially the grasses. Concerning his explo¬ 
rations Mr. Hitchcock sayst 

Tbe l«limda ure aU of vulcfiati; orlala and the rock 1ft lava except a very little 
that Iji ctiroJ fornintlen. Knoat %h& geoletjlcallr altle*rt li^uad, allows the gvmt- 
cst cSTect of eroftloB, the ikvp canyona rival Iftff In beauty the QtaTid Canyon 
of the Colonula On the Ubmil of Hawaii are ti^e two hl^cai pealu of the 
ifPQHp^Mtiuna Kea, 13^5 feet, oiid ilnuaa l^ftt 13,0^ feet In helj;hL Above 
10,000 ti^t there la Kurc^ly nay TeRetntlon niMra thefte penka, a^^lally upun 
Maunn Larip wtiJcli Is Huuie up of coinpamtlvely feceftt lava. 

The liiiportftut ap'lcnUoral luilnstriea are tlia ratiiliifs of mi^r, live stock, 
and pineapples. The frultlvated trec« and are uf jimit variety and 

lieautyi are Orav™ from all tropical and aublFoplcnl hin^ One of the liv 
troOuced trees af ecouotalc linportanco la ilic nlearoba tree, or klawe, as 
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thft HawnlMiiiA coU It II Ib ToliHiS tii a belt fm tbe along the stones 

of All the islumls nml iweui»l€# the 8oll almoRl to th^ eiclualoti of other plHhtH, 
The tHids are ver^ irnd are i^perJy ertten by all tliids ef stodL The 

doivers furnlBh no exceUent finality of honey. The prIfJtJy-iiKsat cactto^ hns 
b^voioe extKiBlTely nnturflllte*! In the dryer portlona of all the IslarvdiC The 
ninrlimen liilllxe this for fwd when other kUnJft becaine scarce* tbo eatfcle eating 
tlw aaceiileiit iolnts In aplte of tbo thonui. Tuo Introduced pimtbfi oi>w omipy 
OxtenslT^ fiTOfls ahd have betoluO KTOot pestft Those are goavd^ whose frdU 
furnishes ddlelowi* gunTa Jelly, an*! Iftatano, with clnstet^ of haTiflscime 
lairtl-colored dowers. 

The rndlKononfl flora Is highly Intereoilni; though not nbundnol In species^ 
Two of the c^TOtnooest trees are the ohiii and tho too. The former, oiflo called 
ohm lehaa and lehun. rcwinhlos, Ln the aw^earauce of the tranh, onr white 
mk, hut becitB l»eautiful cliisterTa of scarlet flowers with long-prolnidi&ff sta- 
rn^m. The hoa jiroduces a valuable wofxl mtieh used In i.^ahtectmaklFiif, uow 
becoming fajulllhr thranph Its u-W for making okuleles. Among the pe<nilSar 
plants of the Iflianrip la the idlverHwonl, a strlklnely l>cflutffi:ll composite witli 
gllEtealag slivery leavesr whk*h only oa the slopes of eladoe s^onea In 

Like crater of ileh-nkala ohd In a. few very limited lo^litlei on Hawaii. The 
fitidlly Lohellat-eoa m representwl by nhemt lOO species belonging to genera- 
The auiucroiiH arboreftOMit ^^pee^eff are rerj- peeuUar and choractenstic. Many 
of them farm almder tnjakis like Mfiiall palrnfl* crowned with a large doMer of 
long uarrow leaves. The ininka of f?oine Bjiecles are as mneh us 30 or 4t> 
feet high, ami the lar^ bright colored flowers ate sometime remarkably 
b^autLfal. 

The Indlgeaoufl grasses of the HawaSloti Islands are not nnmerons. Thre^ 
pecnllar species of Panicura Inhabit the open bogs formal on the tops of ^ny 
of the high mountalna In tlie wel ?oae such uk Mount Eeka und Mount Kuhul 
In west Maul, some of the peaks of Molokai and Oohtl. and WaLiltmJe In 
Knunl. tlmt upon the latter coveriog In all several square miles. These hogw 
are fotinil near the iFunuuitfl or ridges In the regions of heavy rainfall, are de¬ 
void of trees and idirultB^ and harbor a peculiar vegetatlOiL, 

ClVCnOXA BOTASICAI# fiTAtT0^% 

Recently the Ipstitutiotx has acquired a three years’ lease of the 
Cinchona Botanical Station at Jamaica, compfising about lO acres 
of land, with offices, laboratories, and other buildings, for the fur- 
tlierance of our knowledge of ^Vest Indian botany. Assignments of 
botanists who desire to prosecute studies tliere are made on the 
recommendation of organlaations which have cooperated with tho 
Institution in securing the use of this important Bold for botanical 
investigations. 

BtOUMICUl, WOBK IN CIUNa. 

Mr, Arthur de C. Sowerby has continued bis work in northeastern 
China though conditions have been so unsettled as to make coUeding 
extremely diffieull, A shipment of natural history speciineus to the 
Museum from Mr. Sowerby received May 2T, included 186 bird skin$$, 
44 mammals, I reptile, 16 fishes, and other miscellaneous natural his¬ 
tory ohjects. 
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E.tri4)fiAirniMJ IN tWlNTO t>03«l^'QO, 

Dr* W. I* Abiwttt T-Those energies for nearly SIQ years past have 
been devoted to explorations in the Old World* made a short visit to 
Santo Domingo ^tJie scene of his earliest expedition^ in l8S3)j wheve 
l>e spent a few weeks in late summer and fall, tPlB, at the eastern end 
of the island^ chiefly in the vicinity of the Buy of Saniajia^ with 
trips to several kiealities in the highlands of the interior^ notably at 
C’onstanzEi and t;l Itio* On thin expetjition he made a very interesting 
collection of mammals^ biriis;^ reptiles^ Diolliiskg^ insects, and Indian 
rrlicft* 

In the coast, region, Doctor Abbott investigutcd numerous caves in 
search of remains of an extinct mammalia.a famia. One of the most 
interesting nnmuniiLs wbt^ remains were fonnd in these caves is a 
large rrnlent^ described from a freshly killed specitnen in 183B, hut 
not capinred since then. Wlicther it is extinct or not is at piK^nr 
an uncertainty* At San Ixtrensso Bay* on the south side of the Bav 
of Samanfl, there are ‘^many precipitous limis^tone bills,^ whkh. 
Doctor Abbott writes lire ^ literally honeycombed with caves. The 
cave (usually inhabited) near the pier of the abandoned railroml 

full of ifhell heaps, and contains many Tndion carvings, more or 
less obliterated by smoke and lime tlepo^ife-' Here he nneoveret! 
200 or more amheolepical objects, including terra-cotta frag¬ 

ments of potteryt stone pestles, carved atone plateS;^ and similar 
material. 

After exl^nsting the caves In the vicinity of Samona* Doctor Ah- 
IkJtt visited the mountains of the interior, where, at El TSlo, he made 
a most surprising discoveiy in the bird fauna. He writes **I had 
heard of a very small 'parrot- wlijch lived in flocks in the pines on 
the pine cones. I suspected a cro^ssbill^Miid to occur here at Jara- 
bocoa* below 2,000 feet, but the pair I shot were at near 5,000 feet.** 
Tlio bird proved to be a veritable crossbill ^d, what was most ex¬ 
traordinary, a form closely rclatetl to the white-win^ croiishill, a 
species res^tricteiii in the breeding season to the Boreal zoine of North 
America (from Alaska to the higher Adirondacks), migrating in 
w inter at rare inlen'al^ as far south tis North Carolina, 

The series of birds totaled about 250 specimens, of 50 or more 
species* over SO of which are peculiar to the island. The indigenoue 
species of this island have long constituted the Museum^s chief dc- 
sidcrutA among the birds of the West Indies, hence Doctor xVhljott^g 
collection has proved of great interestj o^dc from the epccial dis¬ 
coveries mentioned above. 

BXFCDTnON Tt) CEt,EBEfl* 

Tliroiigh th« gciierodty of Dr. f,. Ablxrtt, associate in zoolow 
in Ihc Museum, Mr. H, C. Kavtii has continued to niuke nutural 
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histofy slid collectioiifl m Cclubcs. In April tlic 

toccived n slii|niifiiit of otluiolo^cal objocts froin Mr. Raven^ ijjt-luii- 
ing notive fisli tpipa, baskets, cloth, rope, hats, dbiheii, blowguns used 
for hunting blrds^ aiul a curious native uiusical Initruroent. 

rOtiLJTfiJ-CAESiEll Oil'EbrnON. 

Early in 191 T an espwlilion with the title of the Collins-Oamrr 
Congo ^ interests of the SmitJtsoman Institution, left 

for the French Congo ami ucighboring parts of west Africn. Mr. 
C. R. W. ..l.schemeier, of tlie depiirtnient of biologj’, Rational Mu¬ 
seum, is reprcisentingthe Smithaonian Institution ami the Museum aa 
natural history colUftor. All of the natural history specimens col* 
lected by the expedition will come to the Nalioiiai Museum. The 
other tueinbers of the expedition are Mr. Alfred M. Collins, of Thila- 
dclphie, chief i Prof. Richanl h. Oamer, of New York, who “’fly¬ 
ing special studies concerning apes nntl njonkeys, mBiiager; ntid PTOf, 
Charles W, Furlong, of Boston, scientist, artist, and explorer. 

TiKSl-:.vKrH rioupn(tATH»-. 

In my annual reports for sevenil ynats past I inavo cfllletl atlen* 
tion to the Rissearch Corporaliuii organized in 1913 under the laws 
of New York State, and haying as its olScsers and tUrectors n group 
of men particularly interested in the devclapment of tho industrial 
arts. The present Secretary of the Smithsonian Institution is one 
of the directors and a member of the executive committee. Tho 
certificate of incorporation declares it to Vw the purpose of the cor¬ 
poration to — 

Prortdp nuwns for the artvancement am! «tonslrn ef tnt‘hhl«il and wlentifle 
jnvMtiKBtlon, resetirvb, and ejEporlinentfiHon by cmtrtbuting tiie net earuinjsx 
,rf the 1‘orponithia over obove sueh sum or mms os mny !«■ rewrvwt or 
{nliiod ami belli as lui omloweiMit fued or wnrtlnjf cniiUBl. uml alw> ™eh other 
moneys and nroperty tU'lonKlKi: to the i'orpfwtlaa im ihe IkjhoI of dlrerton 
sliall ftoiu lime lo time deem Jiroper. ro tlio Sinlttswnlaa Tiistltutloii, nml Buili 
othor si-tiwitinc ami eduranoiial lustltutlons ami mx-totlc* oa the boanJ of 
illrortors may from time to iliac wlect. In onlur to eimWe amh ImUitutlmm ami 
aocutlea to conduct mieli Invaitlintliiii. rttuiin-h. nad i-smcrlMeiitatloii. 

The principal income of the corporation is at present deriyed from 
royalties for the use of tho ('ottndl proccsi for the electrical precipi¬ 
tation of Buspended particles. Dr. F. (i. Cottrell, the inventor of this 
prw.-eas, offered his imtents to the Smitlisoniaii Institution, but since 
is was not practicable for tiic institution to administer them oornmer- 
eially, the Reseiirch Corporation was organized for that purpose. 
The process is now in sncccssful use by a ticore of smelting and 
refining companies and other indin^trial plants and the financial con¬ 
dition of the corporation is very gratifying. 
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Thfi corporation steks to tio for mdustrial art» what some other 
imtitutions are now doing for the silences generally, for medicine^ 
and for the improveTDerit of social conditions- Tliere has now been 
cstablblied un annual lellowahip “open to general competition for 
the purpose of encouraging and assisting seientbts in the prosecu¬ 
tion of their investigations. To the sticeessfuJ competitor, the cor¬ 
poration offers an honorarium of twentj-livo hundred dollars and 
the assistance of the corporation in securing the mcKt favorable op¬ 
portunity for prosecuting the particular object of stiidy,’^ 

The Cottrell process in operatioa haa been described In publica¬ 
tions of the Smithsoman lnstitutioi!t. The precipitation process 
and thdr applicsiiowa have been briefly do^ribed as follows ^ 

Eloctrleal precliiLuiUaa eonslBts af tlie removal of mtaaetiitod partlcli!^ from 
fpiMCiH by ILe* aIeJ Elf elCf'Crlcal dlBc^la^^a Tbo pni^ctnli&Uciii operAto# 

by Ihe ssB.a^ earryLn^ the finely dlvlited inLrtlclea t>etwe«Ei 

two of one of wJUeh Is tuiuie to carrj^ u electrliml 

chHrj;e wIiHp rbe other currJos 'a positive dla^]^a In ordinary iDriictlve the 
nomntlve eleftrtKl'es are aiiiaU in sSao. mucIi m iron wires or ehaiav, aud the 
pooiilvc eiectrocle?^ are lat^ HUch as lioa plates or pipes. The iptses are di- 
vaied lute Be^ral ctuitmels and paissed thrai]i;h the apace bclaeen tlie wtrra 
und the plates or pJpe^ ki the latter Cfitfe each pipe bavlnj^ u wire l^lEieeit 
ulon^ Its longlfuiltitul rxIb. The e^ei'trodes are ctLarge^l by being couaE?ctjeil 
with R aoaree at h5^ TOlEna^ elecirltity, consisting onUnarlly nf a bltsh volt- 
nge tninsfomier for tnerea^ng ihe elwtrlelty up tq the w'orltlnK vottflEP 
which vaiiGS with tbe B\xe and character of the InjUatUtlon from 2(^000 to 
lOn.OOO volts; a rectifier for chnaging alternating current tnto direct current^ 
and u Bwltchboard provided with the necGassajy otandard control equlpmeuL 
The suMpcbnied particle* while i^aiktdng betweea the ijlectroclcrt tH^.-oiue eliJclrl- 
cflUy charged and are thea driven to the phit^ or the Inner inirfaco of the ]i||k?s 
by the forces at the electric fioleL A cemman example of the uppUeatlon of 
the proctRa la in the precipitation of tnlnnte partlelea eouthIniDg copper, s^lvee^ 
eold< leatip tine, and other ^'aluable metals onllnorly curried away from mnelt- 
Ing Jtnii refining famuees wblCh may by this process he recovered from such 
^asEB without InterferUi^ with tbe operation of the plant. The recovered dast 
or fnincr 1ti eneb cai^ Is often valnahle and constltatcs a large financial sov- 
Injt In mnny other inUuntrinl Djieratlons where nqilous j^ascs, fumrs, cc dnsts 
ore iilven ofT. the proccp&i bfia betfo snwessfally appUedp 44>me of the materials 
precipitated being adlpbarlc, Qltrlc» add Lydrochtorlc acids; arsenic, bleaching 
powder, lea<b sine, add other poisonous niaterbitE, 

NATIONAL RESELVRCn COTINCII^ 

As stated in my last report, the Xatiooft] Research Council was 
organized by the National Academy of Sctenccs, the President of the 
Uniteii States appomting the representatives of the Government and 
nuthorlzing the appointment of other membere by the president of 
tbe ocadenty. There were tlma brought together about fiO mem here 
representing various branches of science, and they were subdivided 
in several subcommittees. Joint committees were also formed in 
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nxtpetutloa witli natiotinl scientific societies^ The HcseiitTb Council 
has since become n part of the Council of National Defense and 
operates in coordination with that body* In the membership of the 
Bcseqrch Council are several of the scientific atafF of the TJnited 
States National Museum, your Secretary being vice chairman of the 
c'ouneil and chairman of the military committee. 

With tlie preparations for ai.'tnal participation by the TJntted 
States in the world war, the council became an important factor in 
the scientific work of the Goveniment On February 1917, Uie 
Council of National Defense adopted the following resolution : 

ir<’4inrreiI.T1iat tlie Coiiftrtt of National [lefcnse. recoRnNlai; t&al the Natlonnl 

Heaoiijrcb C-cmflcilt nt tht request of .the Presfrlciiit of tlw Utilted StnteSt hna crsaii' 
Izcd sc^€>ntltk for™ of the CDuntrj in Uie (ntorest ef iwlloaol defense nad 
nfttlonnl welfare, requests tMt Lhe NatSoanl Bt'iSflarcli Oduiacll wpernte \t\ih 
ll In matters^ i>ertaSnlng to acleallfl^J reaearcli for national defense: and to this 
end Uio Council cf Xittlonnl Defense that thu Notlonnl B^^erch Goiiudl 

appoint a commitof not tiinn three* St least ofte of whom sliuU be locat^l 
In for the purpoee of malutoliitixs setiTu relatloim wUh the dlreetof 

nf the CoTincin of NatlofinJ Defenw. 

SiDCB tJiat time the Xntional Researefa Council has serv'ed as the 
depatlnient of sciencse and research of the CoimcU of Isational 
Defense and in such capficitj has been charged with the orgamisation 
of seientiGc investigations bearing on the national defense and on 
industries affected bj the wan 

Shortly after this action Dn Geor^ E, Hale, chairman fhe 
coimcilf initially undertook the organization of research activities 
in direct cooperation with the United States Government and ibi 
various departments. Office accommc^lations were provided for 
chemistry, engin<5eringT medicine and hygienicT and physics commit¬ 
tees of the council, and arrangements were made to provide such 
acconiinodfltiona also for the agricnltiire and psychologj^ coIlImittee^i. 
Dr. Robert A. Millikan, chairman of the physics committee, ws$ 
appointed vico chairman of the council and consented Uy give his 
entire time, upon leav& of absence from the Umrersity of Chicago, 
to work in Washington as the executive officer of the council* Offices 
in New York were retained with the secretary, Dr* Carey T. Hutchin¬ 
son, in charge. 

Particular menlion may perhaps be made of the appointment of 
a foreign service comniittoe of the council and of its important 
mission and work as a direct aid in acquainting investigators in this 
country with the s^cientific probkma which have Ivcen confronted both 
in military and industrial pursuits in England and France, 

Two other committees of the council have beeii especially organized 
as the result of the cooperation brought about with the Council of 
National Defense; one a committee on navigation and nautical inetru- 
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menta, apjKJtntet] upon the reqiief^t- of the (ienerul Miinitiotiii BtMiril 
Rnd the other n committee od relgtionR with State research coiincirs, 
appointed to consider and report upon desirable means of cooperation 
between the Council and State research cnnimittees. 

uFncEna iijr THK cue!«cii. 


Geerp' E. Hal*, rhalmiani Clutrlcw Ik Wnlnut, fIrKt rire ehoinnun; (;ani> 
Dujut, BceiMiU vJw clialmiBii; R. A. imuiuin. tbirfl vice ihairinHii ainl exwuUvo 
omcer; Cary T,. UytcUliv^OTh, wn.-mry, 

KKKM l^JVK roMii rttuL 

J. J. ctmlniinji, 


Miiiwtrtn T+ 

H, diiTti?nrten. 
Ed\\-tn O, CoTikUn. 
Unnt* Dnxin. 

C.iwrpp E, HrtTp, 


Vtin !l, IlIiinfiLrijt, 
it A. ^lIULkJkfi. 
ArUmr A. Noyes. 
itsyiibr»tiff Pwiii* 

T. riiplii. 


^ W. KtTnlton. 
Vidor C+ Vnui^iiin. 
*'^Kfirles D. Waletilt 

WElH«m ir. SVtkh. 


Tlic followiiig mcrabcj^ and new cojiimilteeis ha^T Ijcco addcti to 
the coimcil Kince iny kst report: 


LIST or JfiElV 

QnH L 

U. AniLK. 

Ailmlreil Willnni ft. Dtiwoct* 

Wulter B, Cftnnon. 

Jotin AJ, Cliirlte. 

Hcmruril !•:, 4.\tfna 
William M. DaiirliL 
Artbur Ij, Diiy. 

Henry EC. DoiialrlHoii. 

Wlllliiiu t\ t^umnf. 

Hevr Aitnilml ifjilpli Hcirb!. 


^llUUry coniinlttep. 

A^Irultiim cwffiinttKv. 

Committee m AntbropolLi^*y+ 

Botuny oomniittee. 

Chemist O' eommlttGJc. 

Foot) mminlltee. 

CVimmltEi^^! nn nwJ In wnrfnre 

ColhtnSitec en Imlustrlal lU-WurelL 
Ooiumlitd^ oil Medicine ntni TTyj^lene. 
Ootriiiilttee on optlcnl 
cnmrnltt^v 

Cotiiiiiitt4?e OD Etelutfonn with ^inte 
Bewenreh CouncHa 
Aeronjintlcfi committee; 

Anatomy committee. 


John H, t'reomnn. 

EIoJICa aoclftey+ 

Hear Atliolml IlotH'rt K <iHmcL 
llcrtien C. Hoover, 

Fmoklln H- Martlrtr 
John C. Alerrlimo. 

Klhikitn H. Afoorc. 

Fmlcrlelt NewelL 
Georjco O, HmUh. 

B. StLUwelL 
Ih^hert \\\ AVortii 


Arttroironiy 

Conitnlttee nn dmsiiH nf i\»?ii*nTela, 
Ert{(ln^^riDf; aHiunlttnft. 

Foreign Mnrrtce coinitilttet\ 

0i>OKnipliy eofmnltuv. 

ami pnl£H»itoLo|iy ruiumEtti^. 
Alnt hematics commfttei!'. 

CVmmiiitee on iiaHiiBtlun und iMutlrnl 
lEiniriitiienta 
Phyali:^ commltti^. 

Coiuaittee w rwniri'ii la cilucatlunal 
Uistitutloofi, 

Kt:N>lo«y committee. 


LIST o#' COMun-TEi::^ 
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Sinoo the crloisc of the jeur the Signal t’orps, ileaining to avail iuelf 
of the ai^toiics of the NatiwnaJ KescnrcL Council, appointed Dr. 
R. A. Millikan, third vice chaimisn and execTitive oflic«r, and Dr. 
Charles E, Mendenhall majors in the United States 

PUBIJCATIONS. 

Tlie Institution proper issues three series of publications: Smitli- 
soniun Contributions to luiowleUgCf J^mithi^onian Miscellaneous Col* 
lections, utid riniithsoilian Aaiiusl Reports. Tlic jiiiblifations of tho 
various brunches of the Instittitjon issued under its direction include 
the Annual Reports, Proceedings, and Bulletins of the United Staten 
Natiuiiiil Mtiseuiii, including the Contrihutions fiuiii the National 
Herbarium; Annual Repnrts and liullelins of the Bureau of Aiiieri. 
con lvtJiti()Ujg>'; and tho ^Lnnals of the iVsfrophj'sical Observatory, 
All of the puhlicatione of these branches and the Annual Report of 
the Institution arc printed by means of congressional iillutuieots. 

SmitAjfOnitin to Kn</,jokdgt\—Oi this series, which 

contains in quarto form the results of studies constituting imijortant 
contributions to knowledge, one mcnioir was piiblislied, entitled ** A 
Contribution to the Comparative Histology of tho Femur,’’ by Dr. 
J. tj. Foote, of Creighton Medioil Odtege, embodying the results of 
the author s work for a number of years on this subject. 

Siniihsojiian kitdtancouit CoUections, —Of this series. 1& papers 
forming parts of five \ olumes wertj issued, including three papers by 
your Setuetnry containing the results of his field work in Cambrian 
p?olo^. I he iiuiiual .Smithsonian exploration piiuj|jLilet api^ctirs 
in this series, which deseriliea iirieily the work in the field of the 
Smithsonian scientists and scientific exp^Mlitious, iIbLsirat«l by pfio- 
tographs taken by tho exploivr? in every quarter of the globe. The 
necessity for a scttmd reprinting of the sixth revised edition of tho 
.Smithsonian Physical Tables indicates the continued usefulness of 
this work.^ In this scries abo appeared the inqairtant jiapcr by 
11. Helm Clayton un the effect of variations in solar mdiution on the 
earth s atmosphere, the jmssibilities of which for use in fonsasting 
tenipci'aturc are dLsciissed elsewhere in this report', 
ifvdt^nmn rvprnrt . — As stated in the report on the publications. 
Appendix 8, although the final proof of the 1916 report was rcturneii 
to the printer in April, the iiooks were not received before the close 
of the year because of the great nish of war printing at the Govern¬ 
ment Printing Office. 

Sptoittl pythUrathma . — Among the special publications may be men¬ 
tioned nn illustrated folder describing the Smithsonian and its 
branches, for the use of visitors and correspondents. 
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iVoitional Mvseum puMk^ti&m,—Tim Mixsemii duriiig the 

jcflr 1 volume of the proceedings^ TS papers formiiig parts of this 
niid other volumes^ and ^ bulletins. 

ffun^au o/ publkaiion ^.—The Biureaii of Ajmeriran 

Ethnology puhlished 1 annual report, 2 bulletins, and a Ihd of pub¬ 
lications of the bureau. 

Ifeporfs of hkl&nral and paiHoik sooktks .—^In accordance with 
n provision in the charters of the American Historical AsHOciation 
and the National Society of the Daughters of the AtnerWan Hevolu- 
tion. the annual reports of those organiKations were submitted to 
joiir Secretat}-, and eommnniented by him to Congress. 

AUotm^^nls for prinfinff * — The oUotments for the printing of the 
Smithsonian report and the various publications of Ihe branchy 
of the Institution were practically used up, a small halanco remaining 
in one or two cases owing to the impossibility of getting certain pub^ 
ITcations oil the press before the close of Llie year. 

Tiio allotments for the year ending June are as follows: 

Far the SiniUii»nlcLD luMLltuUacL: Far prlatitiir Ktia btntlln^ the annual 
reports of tUe Board of KegenU, with general aapoiidLirefi, tin* i>dU| 4 jaii 
of whldi sMll net eacL-e^l 10,000 coplieB^ _ ___ f lOpOOO 


For ihii annual j-eporta of tlie KatlonaJ; Museum, wltti general nppen- 
dlcipsi; and for luintlnj? lahela ninl blauka, and for the bnlLt^tlas aud 
proc^lllip^ of the Niitlonul Sluseum, the iMlItlcmg of which aimII not 
exceetl -1,000 ce^leB, and blDElliiKH in half nmrocco or ULEHerLnl nat 
more eipenslve, scicntmc books, and immubletn prt^uKed to or nc- 

(julred by the Xatbmnl Museum Hhrariiv^ _ _ _ S7,5O0 

For the numiul retKPrtj nud lmlli-tlm>f or Itie Buruciti of Aiuorlmn Kib- 

nolug^' iintl fi>r tnli4i,^rUjLnconn prtolJng and blndltig fnr llie bmrnu- _ ClnGOO 

For mlAcellaiteoug tirTtirlnj; and hlmllng; 

tniematioTnal Kxebdnaea _ _ __ _ 

Intemntlonni Catalogue of Hcleutifk UtemturB.- _____ XOO 

Natkinal Park__ _______ _ _ ' 

Astropbyiplrfll Obwervn fory^ ^ ^ _ ___ __ jjq, p 

For fheanniinl report of Lhe American Historical x\KSfHdiiUon_^. __ lAm 


Commtftee printing and pvbUfoi ion,—The Smitlwonian advis¬ 
ory committee <vq printing and pnldic&tlon considers all mannacripte 
olTeml for publicatioo by the IriKtitiitioti or iu bmmhes. During 
the past year 10 meetings wore held, at which lOl manuscripts wore 
considered and iicted upon. The membership of the oomrnitfw was 
as follows; ]>r. Ijoonhard .Siej'lirger, head curator of biologjt . National 
Museum, chairman; Dr. C. G. Abbot, director of the .^Vstrophysicii! 
Obeerratory; Mr* Ned Hollister, superintendent of the National 
Zoological Park; Mr. A. Howard Clark, editor of the Institution sec¬ 
retary of the committee; Mr. F. W. H<,dgtf, ethnologist in char^ of 
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the Bureau of American KLluioJogY ^ and Dr. Oeurga P. MerritL head 
curator of geology, National Mtiseum, 

MBIURY, 

TIio main piirpodo of tho library of the Smithaonian Tai^titution 
lifts Loon to fts^mible a collection of poHodicala and publications of 
ft scicjitiBc nature as wall as tlie journals end other publications 
of tho scientitic itistiti]tion& and learned socictias of the world, the 
whole to be ft library of reference for resenrch in tlie broadest 
sen.se> In carrying out this policy an accuiauJulion of over half a 
niillion titles has been made, tlie main part of which is housed in 
the Library of Ctmgress with the designation of the Smithsonian 
deposit of the Library of Congress. In addition to thia main part 
of the Smithsonian library there are maintamed a number of junaller 
libraries at the various brunches of the Institution, the N'ational 
Mii,senm library, tlie Bureau of American Ethnology library, the 
.iVstPophysiral Obsciwatory library, and the National Zoological Park 
library. In the various offices of tho Institution and tltc Museum 
sectional libraries of technical works in all branches of science are 
iiiuintsined for the use of the scientific stnlf. There are S& of these 
sectional tecEuiJcnj libraries. 

The accessions to the libraries of the Institution and its branches 
during the year aggregated more than 0,000 volumes, parts of 
volumes, and pamphlets. Among important gifts during the year 
was a first consignment of 561 volumes and 204 pamphletf:. part of 
the botanJcal library of Dr. John Donnell Smith, of Haltimora j the 
whole of which, amounting to 1,300 volumes, he has offered to the 
Institution. 

Tn the Museum library, 1.572 volumes and 3,5.nfi pamphlets were 
ncoessionerl during the year, among them the sejentific library of Dr. 
Edgar A. Meams, associate in zoology', w'ho died last fall. This 
collection is rich in works <m iJinmmalB, birds, and plants. Through 
the continued generosity of Dr. William H. Dali, honorary curator 
of mollusks, the sectional librmy of the clivi»oii of motiusks has 
been enriched by the addit ion of .307 titles during the year. 

REcm''rii>.v IN noNOH of fivencii sciestists. 

On the evening of June 1-1, under the auspices of the Nntional 
Academy of Sri cnees, n rereptinn was held in the .Sinithsoninn build¬ 
ing for the memliers of the French Scientific MU&rinn to the tlnited 
States. Prof. Charles Pabry told of what France is doing in the 
war; Commander Bridge spoke of Great Britain’s work in submarine 
warfare; and .Sir Ernest ButherforJ sketched the sitiiatinn as Eng¬ 
land sees it. Presiilent 1 Valcott, of the National Academy of Scicnccs, 
6513a*—AM 1B17 - 3 
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utitj Mrs. Alctitt wt'Jic ufisistcd. liy L«ieut. JiEnurice I’lilcrjiotg 
I'Jiarlcs Fubryj ajid Prof, llonrl Abrnham in riiceiving tho quests. 

NATIONAL MUSEUM. 

Ono of the most i]»portant fciiLures to be reeordiuj in the oi«rft- 
tioiiJi of the National Jfusenm JurLng the year was the aetuai begin- 
niug of tlic builiiing for tho C'harleii L, Freer Art Cnlleetions. 
Excarution v,-fls started on Odxiber 2, Ittltt, and by .fune SO, 1P17, 
the foundations and concrete walls inclosing tho subbnsement had 
Iwen complete. TJio stnicture, covering 228 by 18.=i feet, will be 
nf Milford gi'anlte and in exterior and interior design best adapted 
to its porjiose. Assistant iSccmury Itathbnn in the api>endir to tlia 
jirescnt report gives sonic interesting details regarding this addition 
to the Htuith-soninn group of buildings The construction of this 
art liuUding is iiiado possible through tho most generous gift of 
$l,t)00,CKJO by Mr. Free:!' for the bousing and study of the nnignifiL'cnt 
collection he has presented to the Nation. HU gift of the building 
and collection is the most ^ alued donation which any indiridiial has 
cvE?r ninde tD th^ 

The iicce^ionB to the National Museum concctions during the year 
sggregiifed alrout 20fl.(XX) specimens jjertaining to anthropology, 
zoology, ^any, geology and mineralogy, paleontology, textiles and 
woods, niiiiera] technology, and objects of art. In his report iVssis. 
tant .Secretary Kathbun enumortUcii the sources and importance of 
these accessions, si^ that it is not necessary here to do more than to 
mention some of the principal itema. Interesting cotlections of 
unthropologicfd objects were reeeivwl from the ishind of Celebes 
Sailiered at thceijXfnse of Dr, M". L. Abbott, who for many years ha^ 
most generously contributed toward the gptwth of the Museum in 
ethnologiral and biologitail material from varioiiE parts of the world. 
D<Jctor Abbott [le^nally tisited the West Indies during the year and 
met with gmtif^'lng success in adding to oiir knowledge of the 
early histoiy of man and of the fauna of that region. A large col 
lection of stone implements lielonging to the ancient town builders 
of ifexico was received through t‘apfains Wright and Cooper of 
(reneral I’crshingB expedition, and extensive archeological collet* 
tions from the Sodthwi^tem States were gatheretl hv Dot tor Eewkes 
and others connectwl with the Bureau of American Ethnoloin- 
Hundreds of objeeb, of great value in the study of physittil anthro 
pology came to tlic mii.scnm as the result of explorations bv Hc C,,,. 
Hnllii'ka ami otheis in Pern. ' 

To the dii-ision of American history memorials were aiidal par 
taining to eminent military and naval men and other prominent 
Americans and objects commemorative of historic events borides 
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costuiiitvs futtiUiim, Hnd oilier articles iJhistmtive of colonial and 
iaicr i»riods. 

Although tbo Museum is without funds for carrying on c.ntendod 
biological es]iJoruluiiis, yet through ihe generosity nf fricudE it has 
been greatly enriched by the results of field work in various ports of 
the world, particiilnrly the work of Dr. W. L. Abbott so often men¬ 
tioned heretofore, largo and fine collection of reptiles and 
buiradiians cauie as ii betiucst by tbe late Julius Hurter. sr., of lit. 
Louis. 

To the botanical collections were added about 25,000 specimens and 
the reriinaiit of the boiimical library saved from the Hood which so 
nearly destroyed the Vanderbijt Herbarium at Biltraore, N. C-, in 
July, dOltl. These objects were presented by Mrs. Vanderbilt. Prfjf. 
O. K. gave to the Museum about 15,000 specimens of crypto- 

gurus gatliored in the United States and Liberia, 

In gpolggicul material, likewise, and in the department of tc.’ttiles, 
mineral technologic and other dii'isions of the Jluseiiin, there were 
important additions described by the assistant secretary. 

The attendance of visitors to the Xntnral History building ag¬ 
gregated about 400,000 and the Arts and Industries building about 
250,000, 

In calling attention to the present needs of the Museum, 1 mav 
mention the fact that on account of the great growth of the collec¬ 
tions during the lust few years there is already presented a lack of 
exhibition ond storaga facilities in some of the departmentB. par¬ 
ticularly in oonnection with the applied arts, the fine arts, and Ameri¬ 
can history. It is exceedingly gratilying that the accessions should 
increase in such great proportions from year to year, but it is like¬ 
wise important that there he a corresponding increase in the number 
of the scientific stall and other employees necessary for the proper 
care and study of this mass of material made up in great measure 
through gifts by the people of the Xation. 

BLTREAU OF AMERICAN ETIIXOLOGY. 

The Bureau of American Ethnolo^', which conducts ethnological 
researches among the American Indiuns ancl tbo natives of Hawaii, 
is under the direction of Mr. F, W. llH:>dge, w'hoee report is given in 
Appendix 2. 

Among the important researches of the year was the excavation 
and study of llawikuh, a large reservation on the Zuiii Resciwa- 
tion in western Xpw Mexico. This work was carried on by ftfr. 
Hotl^ in cooperation with tlie Museum of the American Indian, 
Ifeyo' Foiimliition, of New York City. The purpose of the excavn- 
tion of llaivikuh wau to study a Zuni puebio, known to have been 
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ijiLabited Iroiii prehifitorii: times we]i into thti historic period, to dc^ 
tcrmine as fur as posslhlt] llie character nnd arts of the Zuhi people 
in early times, as well as die effect of Spanish contact during the six¬ 
teenth and seventeenth centuries. The results of this important 
study, ivhich ivero highly successful, ^’lU bo published in the neor 
future. 

In the ililcsa Verde National Park Dr, J, Waiter Feivkea c.vcn- 
vuted and repaired a large rectangular ruin, lOD by 113 feet, to wliich 
he gave the name of Far View House, by reason of its commanding 
situation on die mesa. The most, important result of the study of this 
structure is the revelation of a new type of Mesa Verde building, the 
form and character of which throw light on tim close relation of 
pueblos and cliff dwellingii. Dr. Fewkes bcHeres that this steuclurts 
is the only example of u pure typo of pueblo ever completely excu- 
rnted, the term *'■ pure type” meaning n terraced community building 
constructed of shaped stones and ha ring circular kivas, or cerctnoninl 
rooms, unitod with surrounding rectangular rooms. This tt'^ of 
pneblo may be conmdeicd a stage in architectural development be¬ 
tween the older type of structure and the mixed or modem form 
whidi shows a retmgrossion in the art of masonry. 

Mr, J. N. B. Hewitt, while conducting studies in Canada relative 
to tlie Iroquois League, was selected as an official delegate from tlio 
council of the .Six Natimis to attend a condolence and installation 
ceremony at Mnneietown, In which he took a leading part, requiring 
tlie intoning of an address of comforting in the Onondaga language 
and also in acting the pert of the Seneca chiefs in such a council. 

Among the sfiecial researches carried on during the year may be 
tnentinned the completion of tlie manuscript on the ethnology of the 
Kwaldutl Indians by Dr. Franx Boas, honorary pliiiologifd:. Work 
is nearly completed on tlie results of the field work on the Salishan 
language, carried on through the generosity of !Mr. Homer E. Sar¬ 
gent, of Chicago, by Mr. .lames Teit. The study of Indian music 
has been oontinued by Miss Frances Densmoro, sufficient data now 
being on band to complete a work on the music of the Uto Indians, 
among whom Miss Densmore has now spent two field seasons. 

Tlie bnrenu has pnbJiahetl during the year 1 annual report , 2 bulle¬ 
tins, and a list of publications of the bureau. In pressor in propam- 
tion nt the close of the year were 4 reports and 8 bulletins. The 
library of tlie bureau accessioned 43,'S new books and 388 pamphlets. 

INTERNATIONAL P.XCHANQES. 

The International Exchange Service, for tlie exchange of govern¬ 
mental and scientific publications wutli other countries, though verv 
much hampered 1ft its operations by war CTjndilitfns, has noveri hele^ 
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handled during the year a total of 253.025 packages* weighing 230,11+^1 
pounds. On acrouiit of the very high ocean freight rotes Congrestfl 
allowed 11 MuftU additional appropriation to meet the espenfie of 
foreign ahipineuLs. 

Suspension of shipments is still found to be nec<^sain" in the case 
of alxkut 10 countries. It is gratifying to note that since the begin¬ 
ning of the war only three shipmenta sent out hy the Institution have 
been lost through hostile action* two of those being on vesseL^ sunk by 
lii»stilo war>iiip&. WhercA'cr poadble duplicate Cfipies of the publica¬ 
tions in lost conirignmetits aro procured and anaiher sliipnient made. 

It has been tliecuhtom of the (lovemu^ent of India to refer rofjucsta 
frcHii establidimenls in this country for Indian oflicial documents to 
the Exchange Senice for indorsenientt and this year a reque^d for 
aim liar services by the director of the Government press at Cairo, 
Egj^pt* has been granted* 

NATIONAL ZOOI.OGICAL PAKK. 

The Xationat Zoological Park is each year becoming morn aiul 
more rocognii5c^l as a means of natural history (.HjucHtion and as a 
place of recreation and amusenient for the public^ aiul the collection 
of animats is now ona of the most varied and interesting of its kind 
in (he country. 

In October, 1310, Dr, Frank Baker, superint&Ddent of the park 
for 26 veaiB, resigned to take effect November 1, and was suixsedcN.! 
by Mr. Ned Ilol lister, assistant curator of the diHsinn of mammals 
in the Xattonal Aluseum. 

The total number of animals in Uie park nt tlie dose of the fiEsctil 
year wn$ I*:^23, indudiug 434 mammalst r>a3 birds, and 56 repriles. 
Among important additions may be mentioned five adult Rocky 
S^Ioiintain sheep received from tho Canadian Government: four Bwl- 
ford deer or iianchurian stags^ from the Duke of Bedford; ami 
w>mo desirable .Instralian marsupiab presented by Ifr, Victor J. 
Evans, of Watfliington^ District, of Cohinibia. 

Visitors to the park during the year numbered 1,106,300, a daily 
average uf SjOaS. One hundred and fifty^tlmn* schools and classes 
examined the collection for educational jjurposes. 

Aiiiurig I'ec'ent improvements the superinteu<lent notes that the 
hospital and luljomtory, on which work htiiS been in progress for the 
paiit tw-o years, now lacks only the lalioratory equipment for the usi‘ 
of pathologists and the outside yards for the animals to be con- 
fined in the hospital limit a. The lake for North American water 
fowl has been en]argi>^l and reconstructed to show as many oa pos¬ 
sible of tlici® birds in I heir natural siirroujidiug^ At present no 
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Iks ihni\ 1S6 American waien birds of ^4 gpccies are to bo seen in 
the lake- 

Every effort h bring made to make tlie park a sanctnary for native 
T\-ild birds. Over lOO nesting boxes have been put in place and dur¬ 
ing tbe cold wcfliber food is provided, reuniting in a notabie incren^ 
in the bird population of the park. 

As noted in last year’s report^ the appropriation made by Congress 
in 191 a for the acquisition of a frontage for the park on Connecticut 
Avenue, lapsed owing to delays caused by legal com plication^ and 
it is regretted that Congrm has not inado a neiv appropriation for 
this purpose^ the principal eat ranee to the park w'ill probably 
l>e on Connect lent Avenue for all tinie^ it is exceedingly important 
that the land in question be acquired before it is tem late. 

Among the imperativa needs of the parb^ the su^^erintendeat mon- 
tiona some provision for the parking of the increasing nuinbeT of 
automobiles that visit I he Zoo, outdoor dctis for camivoroiia animals, 
additional ponds for ivaterfowl, a bird house, and a reptile house. 
The niosl urgent need, however, is a siil>stantial inerca*sp! m the gen- 
cml appropriation. Owing to the Kloadj advance in the cost of sup¬ 
plies and the inerrasing expense occtisinnvd by the larger nimd)er 
of visitors, the iioint has now been reached where the entire appro 
priationj which lias retnnined the same for the post seven years, dties 
not cover acttml maintenance expenses. 

For some years the Xational Zoological Park, in common with 
other aimiJar institutions in the rnited State®, has felt the effect of 
conditions that ojTorated to hinder more and more the importation of 
wild animals from abroad and to reduce the supply. 

At tbe suggestion of Dn W. T. Homaday, director of the Xew 
York Zoological Piivk, a conference was held at the Philadelphia 
Zoological fiarden to consider the questian of is^nding ii joint expe- 
ditiout on behalf of the Xew York, Philadelphia, and National Zo¬ 
ological Parkis to South Africa for animals. It was decided to send 
11 man out to look the ground over, gee what could Iw done in the wav 
of arranging for a supply of animiils for the fuLuro^ and bring back 
anything desirable, that eotdd lio sccuretl at the time. Mr, J. Alden 
Ijoringj who had lieen successful in bringing animiils frniq Europe 
for rhe Xew^ York Zoological Park, and had also had espcrlenct^ in 
Africa ai? a ineinlier of the Hmithsoniim expcNlition tii Ecist Africa, 
was selected lo make the trip* 

Mr. Loving sailed from New York July 22, l{m\ taking w ith him 
hay ntid grain enough to us many antelopes ancl other herbivoni 
nji be was likely to fjbtain, for one of the condition® necc&^ry to se¬ 
cure their entry into the Tnitefl .States wo® that no fnraf^ from 
Africa should be brought with the animals. He arrived at Port 
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Elizulrtsth, SciiitU Africa, August 3L *imK returning, siulwl from 

DurLmn November 22. 

'llic oppartunities fnr securing auimiils to bring bu.ck were found 
to lx? in pome rcfi]iecls lesis fnvoroble thnn had been anticii>titecb but 
fortnnateir the Kctological garden at Pretoria was fairly well stocked, 
and the director waj^ kind etiough to deplete tlie oullection KOinewhat 
for the benefit of his distant colleagues, ^fost of tise aniiuala wlueh 
Mr* Loring brought back were obtained tbere^an interesting coUec- 
tion of mammals and birds being secured* Tlie mammals obtaineiJ 
iiu hide a gemsbiick. a blesebuck, a white-tailed gnu. a nilgai, four 
springbucks* n pair of duikers, a pair of uieerkats, and a few nion- 
keys arid rcKlents. Among the birds are two secretary vultures, a 
bateteur eagle, a bornbilL francolins of s&vend specie^t a few 
bmrncons and hawks, and a mimber of stnaller birt!s. The tjollection 
lifts been divided between the three itiblitutions concerned» acconi- 
ing to their choicej and in proportion to the share of the expenses 
that was borne by each* Altogether thctie w ere secured 28 mammals, 
representing 13 species; W birds* of species; itnd 53 snakes and 
tortoises, of 3 species. 

While in Sontb Africa Mr, Tjoring visited and made notes on the 
zoological ganletiH at Cape Town. Biirbau. Bloenifontein, Johannes¬ 
burg* and rrctorifl, 

ASTROPHYSICAL OBSETIVATOPY. 

Measurements of solar radiation were eoutimicd as usuul on Mount 
Wilson. As stated in connection with tha Hodgkins fund, tin allot* 
ment has been made to undertake similar work in South ^Vnierica. 
Much attention was devoied by Director Abbot to the prepmutiori 
of the equipment of this cispedition* Valuable new instruments were 
devised and construeted under his direction. Owing to war condi¬ 
tions the expedition wiis hxuited temportirily at Hump Mountain, 
North Carolina, in May* 1^17- and shelters preparetl and apparatus 
set up and adjusted un<lcr the care of Mes^r^. Abbot and Aldricln 
The research on the absorption of terrostriul radiation by vapors 
of the atmcwpheri*, u|>ou which Mr. Fowle lias been cngagtxl for 
several years, lias been completed, and the results, which arc of 
great iiulHirtnnrc to metecaxilogy. Iiave been made ready for ptib- 
ilcatiou by the Institiitinu* X piiper of tiiu-ommon interiHjt by 
M. lie! Ill Clay tun, based upon obsen otioiis by the AstrophystCiil Ob- 
Siervatory. lias lieen publi^^liCil in the Smithsonian MLk'ellaueoim Cob 
Iertions. Tile author shows thiit the sliort-interval tiolar variiitions, 
discovered in Blount Wil^ou work, atfect terrestrial teniperfitiires 
anti pressures the world over in a welbrnarked and pmlictable 
manner. U is greatly to iiojicd that daily solar'radial ion obser* 
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vAlioDS ut all timea of iho year may be obtained for use in such 
meteorological researclies. It was for this purpose that the South 
American expedition was planned, and it will be uTifortmmte. indeed, 
if war eonditions should long delay tbo carrying out of tbb work- 

POsamiLTrY of Fomic^JABTiso fdom oBSiaiVATioj^a, 

As Doctor Clarion has shown tliat variatioiLK of the siin are fol¬ 
io wwl a day or two later by correlated variations of ternpetatun't it is 
of interest to inquire if the fluctuations of temperature thus ouiaeil 
are large enough to lie worth predicting. From Clajtoo's curves it 
seems to bo shown that in 1913 and 1914 changes of solar radiation 
of 1 per cent produced changes of tuaxiniiim tcm|icratures as follows: 

iHlar. Arnfenllnn* -rS,2'' O, 

Hill la. I'll I Ur pi nc! IsliinilHp +i,n* r, 

—n.a'" ti. 

It may l>e supposed that the mean temperatures changed half os 
much, or +2.6“^, +flJ5*, and —3,15® corresponding to I per cent 
rise of solar radiation. Changes of 3 j^er cent or even 6 per cesit in 
solar radiation within 10 days are not very uncommon. For instance 
note the following values of solar constant^* observed on Jlouut 
Wilson in 1911: 

Hit?, Kl'pt. 3 4 £ 0 7 8 0 10 11 

Viil(ie„..- 1.6S8 l.eOO lltJ" IJMIO tSm l.»tli3 1.&43 LB08 l.SSM 

The ob&pn*ftd mnge iraa B.6 per cent in 8 dnys. 

Obviously, tlie subject presents possibilities that 'vrhen suflicient 
'olisening stations lire equipped in various dotidless regions to yield 
accuraLo ** solar TOUstanl’’ values every day, it mny lie possible to 
forecast for one or two days in advance a very considerable part 
nf the now outstanding temperature fluctuafioris. At present the 
two stations of the Smitlmniab Tnstitiittoii in Ciiliforuia and North 
Carolina are the only ones makingf the required sol nr observations, 
and not in half of the days in the year, especially in midwinter 
nhd niidsunirner, ctin observations be made on account of clouding 
A beqiiL«t of $ri00,000 would enable the Institution to equip and 
maintain indefinitely the required oltservlnj^ stotions. 

INTERNATIONAL rATALOCTUlf: OF SCTENTIFTC LITER 

TTTRE. 

As the jrreater part of the countries supportinp; regional bureaus 
of tlie Tnteniational Catalogue of Scientific Literature are now actu¬ 
ally engaged in hostilities, a great deal rtf (iifliculty lias been encoun- 
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tered in preparing and financing tlie Catalogue, The number of 
scientific papers being published bos greatlv decreoBcd and it has 
been found procticaliy impossible to obtain the necessary scientific 
and clerical assistance for the preparation of the Catalogue. How¬ 
ever, the Control Bureau at Loudon lias succeeded in issuing four 
volumes^ the twelfth annual issue of geology, and the thirioentb 
annual iasiie of chemiPtrT, anatomy, and Imtany. This brings the 
total iiiunl>er of volumes pnbliidied since the inception of the Cata¬ 
logue in 1901, up to 210 volumes containing about S,000,000 refer- 
encfes to current scientific periodicals- The organiKation as ti whole 
is holding together very well under extremely adverse conditions, and 
when peace is declanNl it vi ill bo necessary only to resinno, rather 
than reorganize the work. 

It is becoming moiti and more difficult to draw the line between pure 
science and applied science, and the present limitation of the Cata¬ 
logue to pure science siiould be bmaclonod to ifidudo at least some of 
iIm? applied sciences which are advancing with such great strides. 
Although this would increase the absc and cost of the Catalogue, yet 
its enhanced value wmild by increasing the demand for it and con¬ 
sequently its stile, offset any additional cost. 

Respectfully submitted. 


CiLAjmEs D. Walcxitt, Secrct^ri^, 



Appendix 1. 

REPOIIT OX THE UNITED 8TATES NATIONAL JtUSEUiL 

Sm: I 1143ve the honor to submit thf; following rrport on the op- 
rmuons of the United States National Museum for the fiscal year 
eiLiling June Wy ISlTj 

isrmmavoHw 

In the lat^t n?iwii it was stated that Mr, Charles L. Freer had 
made arrangeitients for tlie immediate erection of tlie building to 
house the valuable collections of ^tmerican and oriental art. which 
he has presented to the Nation through the Smitlisoniim InstitutioDi 
and also that the prelimiimry plans Lad Ijeen approved, the site se¬ 
lected and the necessary funds, amountiiLg to $Ij(K>0,000, transmitted 
liy him to the Institution, It is exceedingly gratifying to announce 
that the detailed plans having been stiflieiently advanci.^d by that time 
the work of excavating was begun on October SJ, and by the 
close of the fiscal year the foundations, mcludlng the concrete walls 
inclosing the siibbasenient, had been completetL 

This addition to the Smithsonian group of buildings, with a front¬ 
age of 228 feet, a depth of 185 feet, and a height of feet, and 
cnntainlng nn open central court about C5 feet square, will present 
an exterior of pink granite from quarries at IdLlford, Massachusetts, 
a stone which has been employed with gijod effect for several promi¬ 
nent structures in WoslilngtoiL Above the ground level it will consist 
only of a basement and main story, the former lighted by windows, 
I lie latter aInK>i5t wholly by ski^lights^ leaving the upper part of the 
walls essentially unpierced except for the entrances, of which that 
on the nortli front comprises three large avebed openings^ The loca¬ 
tion, at the corner of Twelfth mid II streets lietw'ecn the builtl- 
iiigs of the Smithsonian Institution and the Departninut of Agricul- 
turOj seems to assure favorable surroundings for the future, as there 
is slight probcibility of intrusion by any high or otherwise objection¬ 
able constructions in that vicinity. 

Not only lieautiful and effective in general design, bill sliowing 
in interior plan a thoroitgh adaptation to the reipiirements of the 
coHections both as to space and to lighting, with such facilities as 
will make it practically au independent unit of the Smithsronian 
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grt)up, the thiiracter of the constniction wprk so far us it hw been 
curried leaves nothing to be desired in respeet either to enduring 
quality or to interjirei atlon of the atchitect’s conception. 

The subbusement ^viU contain the appliances connected with the 
heatingr lighting, iind ventilation of the building, but steam and 
electric current will be supplied from the central plnnt of the Mu¬ 
seum. In the basement. wWeb will be a welldigbted story, will be 
Incuted large studios and rooms for tbe storage of such parts of tbc 
collections as are not on exhibition, a capacious lecture hall, an oflice 
for the curator, and work and comfort rooms, furnishing, in fiul, 
aD ncccssaiy conveniences for administration, for serious study, and 
for popular InKtmetion. 

Tlie main story will be entirely devoted to exhibition purposes and 
be dividetl into *10 rooms, each designed for a particular subject or 
cl ns of objects, reached by wide corridors. The Whistler collection 
will occupy 5 of tlusiv' rooms, in one of which the decorations of the 
famous peacock room will be installed. The cenlrnl court, to con¬ 
tain a fountain, will be a special feature of this story, large, arched 
openings lighting the atljoiniiig corridors and lugpus. Tlie entire 
available tioor space of the main and basemant stories will aggre¬ 
gate some 55,two square feet, about equally divided between the two 
floors. 

It will be recalled that this building is designetl to accommodate 
only the Freer collections and to provide for the study and appre- 
eiatioti of their varied contents which supply a vast amount of ma¬ 
terial for research work by specialists. As an integral pan of this 
specific gift of aH, the most important and valued donation which 
any individual has ever made, freely and unconditionally, to the 
Kation, it can not be (dherwise employed. It*j completion, aa event 
anticipated for the flwal year lfllft-19, while insuring an iucalciilahlc 
gain for the Museum and the public, will not. therefore, satisfy any 
of the needs, set forth in the last report, in respect to additional space 
for the national collectionfi of both the applied and the fine arts, ns 
also of American history. The valuable materials in these depart¬ 
ments, which have long since been seriously overcrowded, can tit 
present l.)e neither properly utilised nor appropriately brought to the 
attention of the public. Tii ono bmnch especially, that of the in¬ 
dustrial arts, it is imfortnnate that such a condition should now 
eiifft, particularly as it la coupled with lack of mcan-s for securing an 
adequate statl of pmctical experts, as the collections are closely ns- 
sociatetl with many of the vital probletna now confronting tlie coun¬ 
try. With its limited facilities, however, an effort is being made to 
dernonstmte ihe value of Museum work in time of crisis, tmd con¬ 
tributions mode since tbe close of the year but in time to mention 
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fact of their publicatioD liere. Lave bwii recogtiijwd as of grunt 
nntiona) importatitt? by those hi^h in authority. 

COij,K0Tt«>ys. 

Tho ndditione to tlio coUectioms, received in aucesaions. ajrgre- 
puted approximately 195,345 speciiiierta atid article?, classified by 
subjects 09 follows: Anthropology, 10,775; xoology, 71,761; botany, 
79,155; geology imd mineralogj , 9,800; paleontology, 23,100- textile.^ 
aud woods, 033; niineml technology, ai3; and National Gallery of 
Art. Ifl. Many loans were also accepted for exhibition, chiefly in 
the Gallery of Art and the diiTsion of iVmerican history; and 906 
lots of material, consisting mainly of rocks, ores, minerals, and Jioo- 
logical specimens were received from various parts of (he country 
for cxoiuinadoR and report. 

Anihropolo^y ^—A varied collection from the island of Cclelnss, 
minle by Afr. II. C, Raven ami presented by Dr. ^V. L. Abbott, and a 
largo number of objects exhibiting every phiuic of the textile art as 
practiced among the Indians of British Guiana, assembled by Dr. 
AValtcr Roth, constituted the most important accessions in ethnology. 
Pertoihing to aborigines of the North American Continent were rate 
Pap&go Indian baskets, baskets of interesting wcuves and designs, 
rarved and iraintcd house posts, etc., from the Quileuto Indians of 
Washington; articles of ivory, bom, wooil, bark, nnd stone from 
Eskimo and British Coiumbian tribes; and many objects jwrtainiug 
to the Pijublo IndiaiLS of Arizona and New Slcsic*. Other acquisi¬ 
tions were from Jlexico, Central America, Abyssinia, Japan, China, 
and the Philippines. 

Especially noteworthy was a largo oolleetitm of antiquities made 
by Cupts. .fohn W. Wright and Ale.tauder T. Coojjcr, Fnited States 
Army, while w-ith General Porshings expodilion in the State of Chi¬ 
huahua, Mc,vii 50 , comprising nearly cveiy variety of artifact of stono 
liclonging to the ancient mound builders of tliat region. 

Explnmtions under the Smithsonian Institution result^ in exten- 
sivc archeoiogical collerttmis from the Mesa Verde National Park, 
Colorado, nud from old Zuni ruins near Gallup, New Mexico, made 
bv Dr, J Walter Fewkest; from ancient pit villages in New Mexico 
and ruins at Awntedji, Arizona, made by Dr. Walter llouirfi; from 
sites of prehistoric adolw dwellings in western Utah, made by Mr. 
Neil M. Jmld; and from a cave in the southern wall of Cibollita 
A'alley, New Mexico, made by Mr. F. W. Hodge. Dr. W. E. Ablwtt 
presented much valuable archeological material obtained during his 
invesligations in Santo Domingo, and among the smaller accessions 
were many rare specimens from North and Central America. 
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annual rf:port iNSTirtTiOK^ ion, 

Hutlji Kpliraim and Mr, Mordct-'^i made iinporlant utU 

ilitions to rich colkctioa of iizitJque Jewi^ih objects lent by them 
during provioiis yeaj^. Included in a valuable gift from the e^itato 
of the late John Chandler Bancroft DaTis were neckhioest scarabs, 
figurine^ and Ptolemaic coins from Egi pt, a scnlptutdd brick from 
the Golosseum at Rome, ami marble and terra-cotta vases. From 
Jliss Isobel IL Lcnman were received m a loan a collection of ancient 
glass^vare, comprising bottles^ flasks, bowls, cups, tear bottles, brace¬ 
lets, l)eads« and other ort icles, disphiring the marvcloiL^ irrideseence 
characteristic of the ancient glassivani of Syria and Pbocnicja. 

The principal accession in physical anthropology consisted of ma¬ 
terial obtaiuotl in Peru by Dn AleS HrclUt ka in lOin m cxinneclion 
with the assembling of cishbibits for the Pauama-Californio Ksposi- 
tion. It includes hundreds of objiK-ts of great value, among which 
are many specimens representing rare and in some Instances unique 
anatomical features^ Besides an excellent series of bminjs of gorUhiiit 
and cliimpanzees from the Canicrcjons nnd casts of the Sivai>ithecu 3 
remain-s from India, aboriginal sktilk and other bones weie received 
from the vkinity of Vero nnd Port Myers, Florida, representing the 
supposedly very ancient man of that, region, from ancient mounds 
in Utah and the Mesa Verde ruiits in Colorado, from Tennossco and 
Illinois, and from Colombia and Hawaii- 

Among thn many acquisitions in the division of mechanical tech¬ 
nology were rare watch movements^ early pieces of apparatus re¬ 
lating to the invention and history of the telegraph, the telephone, 
the celautogruph, tlie phonograph, and the grpphophonej a Howe 
sew ing machine, which sewed the first seam done by machinery ^ and 
niunerous interesting fireiirnijs, Home of early make. 

To ids previous munificent donation, illnHtrating the history and 
development of the pianoforte and including dnlcLinera, #^piiu^ts, 
clavichords, harpsldiords, and organs, Mr. Hugo Wonih added 28 
piccca, increasing the extent of this remarkablo collection to 117 
instnunentA 

An instructive a<Miiion to the exhibition series in graphic arts 
was a life-ske figure o| a Japanese wmaheut printer at work, the 
outfit, complete in every detail^ having been a gift fmm the Im- 
jicrial Govemment of .Japan^ A much earlier stage in the devdop- 
n?ent of gniphic methods b illustrated by au original Mexican paints 
ing, executed on a sheet of palmetto fiber smoothly surfaced with 
white day. Among other interesting inxiuisitions were one of thij 
earliest fornm of the luadiinc for casting linolype slugs j materials 
of the varioue kinds employed in raimafcurE painting, with examples 
of miniature work on ivory, parchment, and porcelain; and a serie^i 
of spccLiueiis lllustralLug processes in making line-cut and halftone 
engraving. 
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— Th^ ninr^t notnbk memorial accession consisted 
of ii large numWi' of relit^ of Atlinirsil Duvid CK Furragiit* United 
States Navy, induding ii jeweled sword pre$enie<l by the Uniou 
T^eague Club of New York and a portrait of Farragiit by William 
Swain^ wldcli were received as a donation from the estate of the late 
Ix>ynll Famigiitj only son of the AdmimL Other oflicei^ of the 
Navy represented hy contri)>utions were Commoilt>re Stephen INv 
raluFj Coniniodore: John Eodgers^ and Ecnr Aiiniinil C\ (Chester. 
Among the furniture secured for the col lection were pieces which had 
]}f?longed to Presidents Wasliington and .roffet^nt President andMrSv 
^ladisoDj and Charles Coteswortli Pinckney. American minister to 
France in To the large scries of jncdalii awardfid Com¬ 

mander Jfatthewr Fontaine iliuiry in recognitiiin of his services to 
science* and placed in the Miiseimi hy sevemi of his descendants, 
was added the ribbon of tlie Grand Cros of the (iixtcr of Oiir Lady 
of Guaduloniio. presented by Emperor i^raximilian of Mexico in 1866, 
Q gift fI'oin Mrs, ^lary iMaiary Werth. 

For the gift of the w'edtling dt'ess of Harriet Lane Johnston^ niece 
tjf President Euchnnan. for several years shown in the section of 
historical costumes, Museum was indebted to iliss ifay Kan- 
ned 3 v Other hosteses of the White House rcpn?sented by costumes 
more or less complete, lent during the year for incorporation in the 
* central feature of the ball* were Mrs- Alrtrtha Jefferson Randolph* 
daughter of President Jcffer$K>n; Mrs, Martha Johnson Pattersojii 
daughter of Prefiklent Johnson; and Mrs. Theodore Eo£>£evelL 
Among inccrcHting ndics were a silk dressing gown of Lafayette, an 
eiderdow^n quilt used by Jefferson, a leaded bag of Mrs, Jumes Mon¬ 
roe* and 11 handkerdiief that had lielongcd to Queen Anne. 

A large niimbpr of decorafions, menials, and badges of the United 
States and foreign couiitrici?, which bud been sssembled by the late 
Lieut* Thomas Kelly Boggs and were presented by Mni* Boggs, 
formed a ver_v gratif\dng ndfUtioti to the numismatic collection. Th-e 
greater part of these tokens are fonLUgu war deearaiions of very 
timely intci'est* and 23 coimtries are repnrsented. The philatelic col¬ 
lection wa^? augmented !<► the extent of 3*30S specimenf^ mainly re¬ 
ceived through the Post Office Department, and induding 1,893 ex¬ 
amples of new* issues of stamps from countries in the Univenfa! Ptistal 
fTnion* 

—Til rough the generosity of friends the department of 
biology wiifi greatly enriched by the results of field work in different 
parts of the w'orld, adding new genera and spoiues and many forms 
iiot previously repi^csented in ihe iluseiim* Mr* If. C* Raven, under 
a furtJier grant of funds !>y Dr* W, T 4 . AblHatt, fontima^l hb? cfjllect- 
iiig i*n the island of Celeljca, sen ding to ’Washington aljout !W 1 mam¬ 
mal sldns, besides over 1,000 fspecimens cacli of birds and mollusks. 


S6 heport smititsonian iNSTm'TiON:, mi, 

Dijetipr Ablpott hpt^rd yumc thiie in Huitu where lie obtaiiketl 

mflnj birtls, meluding sperie^i wlioae ocmirrenLii on that island waa 
imespeeted, reptiles, and mollusks, and aL^i a large quantity of hones 
of nmmmels fram prehi^^tork kitclienmiddeiis. The study of simi¬ 
lar deposits on this and other blaiids of the Antilles was itn in ter- 
esting feature of the yearns activities, a large collection of hones 
guthered by Jlr Tht^otitior de Booy in Cubat Santo Domingo, and 
the ’Virgin Mimils, and presented by Mr. George G* Tleye^ having 
yiehled new genera of rcaient^ birds, and reptiles, which have ap¬ 
parently become extinct within comparatively recent time^. 

As the proceeds of an expedition to Cuba and Haiti by John 
B, Henderson, nccnmpanled by Dr^ Paul Bartsch, the Museum re¬ 
ceived from Mr. Henderson nirnierond hi nits* reptiles, and Bshes, and 
over l^jOOO latir] and marine invertebrates, niostly mollnsks. IIr. F* 

J. Dyert AmericaEL eonsiil at Ceiba? Hondui^ contributed a large 
nnin1>cr of insect? and mrdliisks from that country; and Arthur 
do C. Sowerby transmitted mammals, birds. criLstaccans, and mol- 
lusks from Tiortherti China and ifanchuria* 

The Bureau of Fisheries depwisitcdi as ijj>ualt valnable collections 
of fishes and marine invertebratc.^^ besides many interesting speci¬ 
mens of mammal a, birdfa, and reptiles. Among tJm fiahes were 72 
tyjirSj cotypes, and paraiyprs, 4<l of which were of i^pecies obtained 
on the Philippine cniise of the steamer Al6afr&^t^ in 1I>07-19^11. The • 
marine iuvortebrnteSj numbering several thousand specimetis, in¬ 
cluded recently described type collect ions of annelids tind panisitic 
copepOfls. Transfers, chiefly of mollusks and cnistaceans, aggregat¬ 
ing over 400 spocimen^i. w'cre niftde by the Biological Survey and 
Bureaus of Entomolog)' and l*Iant. Industry of the Department of 
Agriculture. 

Except ion ally noteworthy was a bequest to the Museum by the 
lute Julius IIinter, trf St Louis, An enthu^aatic cfdlectorj he 
had gathrml oiic of the kfgeizt and finest [private eolleetions of 
ri‘ptik*s and batTOChiniis in existence* Its principal ^ai^iontlfic value 
lies in its splendid scrie? of Missouri form? which served as the liasis 
for Mr, llurter's" llerpctologT of Mi5?ouri,” published in 1^11. Efot 
solely confined to that region, however, it contabis vuluahle material 
from various parts of the world, and most of the important sub* 
divisioii? of the gixjup are represented. 

From the Santa Marta M’ountains in Colombia were received 14t^ 
specimens of birds, which added 0 speeies new to ihe Mnseiim. and 
from Patianin. 213 specimen.^ of reptiles and hatmehians, the latter 
collected by the Smithson inn Idological flurvey pf the Canal Zone* 
Mr* Jjinws Zetek transmittc^fl TG9 specimens of molhisks and other 
marine invertehnites from Panama, and Pnoh G. S, nralds, of tbo 
University of Mif^iiri, presotiteil a largo niunber of Entomoiitniea, 
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n^presjeiiting 5n sppcie^ poUcctesl in 1*21 hikm rtntl ponds in Coionulo 
niid foroiing the busts of u pnper which he hnd published. 

The Bnronu of Entomology was the principal contributor of 
insects;^ transferring about B|jccimens of various orders^ The 

materiiil from American Consul Dyer in Honduras has already been 
mcntioncih Hie other more impurtani accessions comprised Lepi- 
doptora frf>m Peni, JfesdcOj and Akslra; Hymenopteni fmm western 
Argeniina;, itnd a collection of miscellaneous insects from Ifoiint 
Kinabalu^ Britisli Korlh Borneo^ 

The additions to the botanical collecrions cKceetkd 70*000 speci- 
meiLs^ mcluding about 25^)00 s[>erinieiis from the Vandediilt ilcr- 
tjarimn at Biltmore, North Carolina, comprisin^!^ all that w'cre saved 
from the dieListrous flood of July 15-10, 11^10^ This vutuablc !ier- 
biirium^ which was established and mamtained for raanv years hy the 
lute George W. Yanderbilt, contained at the time of the flood npwanl 
<if KXJjOOO spccitnensj and was e?^peciaUj noteworthy for its repre¬ 
sentation of the plants of the southeastern Uniteil States* This ac¬ 
cession, which was accompanied by tiie rcmniint of tlio botanical 
libraiy^ attached to the herbEirium^ was n gift fmm Mrs. Vanderbilt. 

Another notable acce^ion consisted of about 15,000 siwctTnerus of 
cryptogams, niaitily mosses, hepiiLics^ fungi^ and myxoinycetes., from 
I ho nortbeastcrti T^nitml Stated and Ubpriu^ pi^entiid by Pnrif, tX E. 
Cook. Tho Di'pRdnicnt of Agrktilluns dcpoesitftl over 5,800 ,Hiicci- 
mensi. resulting principally from field work of the Bureau of Plant 
(ndiistr 3 '^ and indudiiig many tropica] American paints and jiVloskan 
und Hawaiian ptimls, Thnmgh exchoiiges, important collect ions 
were obtained from tho New York Bcjlanical Garden, the Gray 
Herbarium of Harvard University, the Missouri Botanical Garden, 
tho Britisli Museum, and the Bureau of Science at ^fanila. A gift of 
about 1^000 \’"ene2.uelan plants was received from th& Ckmcgic Insti¬ 
tution of Washington, and about 5i>00 specimens wore collected in 
New ^fesioo for the Mui^eum by Mn Paul C* Standky, assktant 
curator* 

ffco/(?g?y.”Tlic Charles U Shepcird collection of meteorites, the 
Ipeijiicst of which was anriounccti in the last repiui., waJ 5 formally 
transferred to the AIuBeum during the year, and cx^nstitutes one of 
I he most importuziL accessions ever aw|uirerl by the tkpartmenL of 
geology. It coniprises 233 falls and finds. Additional specimens of 
ineteoriu^ to thi" number of 20 were obtained by gift and exclianj:^, 
and there we no many aa|uisitions of valualik ores and rf)clc 5 from 
varions localities. 

The more prominent acce^ioiis of minerals, as also of petrological 
material, were from the Geological SuncYx Among the former, 
were a fine large scrifta ilhisatniting Iho occummee of turquoise, a 
e5l33‘^M 1017—4 
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number of aniethyst crystalii, mnny .munipreeiniis stones, and a large 
luiniber of minerals and rock-' collected in coimectiou with stndies 
of the gem deposits of southern Californio* jVmong the latter wero 
fiNtensiro collations of rwk-s and (ires representing geological re¬ 
searches in serernl districts in the Trestem United States* 

From other sources were obtuincti many ruro ns well as some in- 
Blructivo series of minerals and a number of ahow-y s[>ecimens eape- 
eially desired for ejcUibit.ion. Among these were type specimens of 
stevensito and creedito, materia] SlliLstrating the genesis of the steo- 
lites and iheir association with glauberite cavities, a remarkable 
specimen of glendonite from Australia, n.'n exceptionally Inrge ervs- 
tal of iron pyrite and a fine specimen of crystalliiiod anglc^ite. 

The principal arqui*sitioii5 in invertebrate paleontology were a 
collection of Silurian fossils, transferred by tbo Geological Survey, 
which had forunal the liasis of pallors illustrating the grologr and 
paleontology’ of Maine, the typos of nine species of PalcoKoie crin- 
olds, a aieries of rare and recently described insects from tlio Tertiary 
focks of f’olorado, several him^lred species of European invertebrates, 
and about itjKX) s[>ecin]cjis of Lower Ordovieian fossils from the zinc 
mines of Arkansas* 

A oollectiuu of Permian vertebrates from Baylor Countv. Texoft, 
contains the greater part of a skeleton of the large fitibncked reptile 
tHmetr<tfi-on, cciinplcta enough to mount for cshibltion, besidesi re- 
niains in less perfect eondil ion of the same form and of C&tiioe^pha- 
liu, Lifosotvphm. Diphviattuaf iScymouria^ nnd Laltidosam'its^ and 
many bones of itinall reptiles and batrnchlaim. The skull and lower 
jaw of ft fossil horse, the type of a recently described species, from 
the Pleistocanc gTavels of the Viikoii Territory, and part of the skull 
of a fossil inuRkcH from the I’leistocene of Miami County, Infliana. 
were also oblaintKl, ' ’ 

About 400 specimens of smalJ mamiaalian remain.s of rare forma 
from cave deposits in tbo mountains of ivestern Cuba were collected 
for the MuBcum by Mr, William Faltner, and n large part of iho 
skeleton of an extinct iitul probably imdeseribwl species of bird was 
remivod tnm the Geologicftl Suiwey, Goucher College, of Baiti 
more, depositinl a collertinu of reptiles and cetacean remains from the 
Arimihd furniiilinii of Marj’loml, bringing together in the xMaiionaj 
ilnseum practiciiJly all of tins known vertebrate material from rkn^ 
f.inimtion in Maryland, 

.Serreiary Walcott and party spent the summer and eartv fall 
cm the Continental Uivido between Allicrta and British Columbia 
south of the Cunmltan Pacifiu Tiailway. and besides exteii«;ivp 
logical olseriation. wllecled about 1.000 pounds of I ambriaii mate, 
rial contaming fos,Hils, which were shipped to Washington 
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Trjrtil€j [.—Tlie accessioiif? in the iliviaori of textile^i i^ompiisefl 
tnuiiy eJccdJwt examples of the prcsent-iiny prwiuttioiis of Anieriean 
te-ttile indilijirieji. The largest group of fipecimciis niceived consisted 
of the most in:tiK>rtjmt types of cotton thmids^ arranged to slioiv the 
various ways in which they are wound and put up for family and 
factory tifiC- They were accompanied by sev^eral beautiful examples 
of tatllngf crochetj embroidery, and cut work^ in white and colors, 
suggesting iirtistic and practical uses for many of the threads in 
the ^ries^ and supplemented an extensiTC series of niotlels and ma¬ 
chine parts iJliistrating the manufacture of cotton thread previously 
received from the same contributor* 

The hcarfy cooperation of niaiiy American imuiufticttirers lias con¬ 
tinued to keep the collections supplied with new types and designs 
of dresw goods as soon as these novelties appealr on the market. The 
exhibits LUuhtrating the principal methods used in decoradng fabrics 
Avero enriched by numerous examples of tied and dyed work aud 
many samples of skein-dyed plaid silks for comparison with piece- 
dyed and printed fabrics. 

Freah sample^ of the atandari] types of rlbbom commonly iiscfl 
aitd many beautiful specimens of novelty and fancy riblxjns, show¬ 
ing A^tcCf Indian^ Chinese^ and liyzantino dc-signs, iiiiguicntod tho 
riblHm The adaptability of mohair, by reason of its loster 

and resiliency* to tho manufacture of plushes, A-^vet^ and fur fubricH 
Avas shoAvn in an instructive scries of sapecimens compriBing up¬ 
holstery goofls, cloakings, trinimitigs, and automobile rugs. Ex- 
atiiples of hcuiBChold industry in Lite textile arts of a former pericNl 
were received in the form of hand-wo veil coverlels and quilts, while 
valuable Specimens of foreign bund-worked textiles from China, 
Spain, and Gmnanj wen* added to tho collection through friends of 
the Ifuseiim* 

Additions Avere obtained for the collection of implenientff illustrab 
ing the preparation and use of flax and other fibers in former tima% 
including an old wooden rope machine which hud seen titfiny yeara^ 
service in twisting bed cords and wash lines, The utjUsiation of pine 
necdle$i in the manufacture of ooiltHl basketB and r>f split-palm sterna 
for large pack baskets woi^ ^own in other scci^ions- 

Wcoi/ trehn&I&ffy .—Althotigh circumstances greatI 3 " retardet! the 
progress of work in wood tochnologT.', some interesting exhibits were 
secured* A model tiieasanng 12 by 15 feet and c^intributed by the 
lorest Service is designed to show the vurious importuiit lists; of the 
national forests and their administnilion^ A comprehrnsivo cork 
exhibit ctjvi^rs overy phai^ of the industry from the raw bark to the 
nmny articles made from this substance, and certain modern metlH>d^^ 
of preserving wood are rcpresenteil by a inodd and samples of the 
m*ateriale employed- Examples of 15 species of .Vrgentine Avoods 
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and -10 specimens of wood from Surinam were added to the com¬ 
mercial scries of timberSt the series iliustrating wood iinishing 
and tanning material wert‘ al$o mcrea^« 

Jf iner/il impoHant among the additione in min' 

errtl technology was nn iinptesive mcxlel of I he Binghjuii ('anyon 
topper property in Utahj mtsaNuring 10 by l^i feet^ acriirHtely sculp¬ 
tured and ooiored, repirsenting what b probably the moi-t significant 
mining ftchieveincnt of the present genemtion. It was a gift from 
the llfab Copjicr Co, The in ami factum of white lead is shown in 
another e?coeUent motkl presented by tho National I^d Co, of New 
York^ while among the models made hi the Jlnseum am five visnial- 
1351 ng I he inofle of occiuTcnt-e, tlio recovery, and the pmimration, 
spin tively, of tin, sulphur, o&i>lialt, lime, and oih A specimen exhibit 
iilustmtive of design and excciition in cut gljiasware. special I j pre- 
l>artHl for the Museum, was corilribtiteil by T, (h llawkfs & Co., of 
Coming. New York, and aauthfcir flerits3 of siiecimen^ exeraplifj'ing 
the propertici^ and useia of asphalt came from the Berber Asphalt 
Pa’i ing Co. 

Exhibits more or less representative or nt least covering some 
phiise of 18 mineral resource types are now available to the public in 
tlic« butig of (he division. Of these, &l>rBslve±>, nsbestos, osphntt, cotvl 
and coal pmluctB, oopijcr, graphite, liitic, tnica, petroleum, plaster, 
Portland wnient, and Kidphnr hiivc Ixscn treated with Hcrfficient full- 
nciS! to warrant, tlie publitaiion of descriptive accounts of them and of 
Ihair aigtiilkfltit.e. 

NATIONAL GALLEIlV OF ART, 

The progress of work in the c!Tect.iOD of the building for the Freer 
collections has ab'iaid)'^ bcon tnentioned. Xestt in unportonco to 
record in this connoetton are tho tenns of the will of Henry W. 
Hanger, N. A., one of the best-knowir of ctintemporury American 
paintenr, who died on Xovenilw 7, I&IQ, leaving his residimry estate, 
(".timaied at over ipsiOO.OOO, to the National Academy of Design to be 
licld oa a fiertiiatient fund, of which tl)e income is to be used for pur¬ 
chasing paintings by Aijicriom iirtists. tlvc paintings so obtained to be 
given to art or other institutions in America which maintain a gal*, 
lery o[»n to the public, upon the expres condition that the National 
fhillery of Art shall have the option and right to take, reclaim, and 
own any picture for its oollection provided such fiption and right is 
exercised at any time during ihe five-year periotl beginning 10 years 
after the artist’s tlealii mid ending 15 years after his dcatL 

This generfins provision by Mr. Hangi«r, which Ims bdei, nmst 
gratifying to all lovers of art in this conjitiy' and may be expected 
to have u Mliimkting intlucnce upon the work of .Vnioricim artists, 
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will n>.KiJlt iu tt niuoli wider eirculaLiou tUuii liithurto of gixid jVmeri* 
cjiti paintiogs aticl insure the graduid assiirubling for porpetiml es* 
hi bit ion at Wusbington of soiint of tbo best that our painters ran 
produce. Tho system of Beleetion will. Su ila working, ho not unlike 
that which has been followed by the French Government in Paris, 
and it is to be hoped that tlie fund for so worthy a purpose mny in 
time be greuily increased through conosponding action by other 
public Iffnefactors. The NaLional Gallery contains five of Mr, 
Ranger's paintings, all of whidi were presented by ilr. WilMani T, 
Evans. 

Among the peminnent aeq.uisitions by the Gallery during the year 
were the following oil intinlings; “ilnne,” by .Tobn W, Alexander: 
“On the Lagootb, Venice,” by R- Swain Gifford; “Portrait of Ben* 
jamin West,*’ by himself; “Portrait of J. J. Shannon, R. A.,” by 
Orlando Roulwnd; “The Song of tbe Sea,” by William F. TlaJsaJl; 
“Portrait of FI!wood Hendrick” by Augustus Vincent Tack; 
“Evening,” by William J. Kauia; “Landscape,” by Chaunoey F. 
Ryder; “A Breton Sunday,” by Eugent' Vail; “Tlie Happy Mcnlier.” 
by ITai Bohm; “Portrait of Maj. Gen. Julius Stai;eh U. S. Volun- 
tcerij,” by -T. Mortimer Lichteniiiier; and “Purtrait of Jotsttph Henry,” 
first Sccretarj' of the Sniithsouiaii Institution, by Ilrnry Ulke. 
Among the sculptures were a hronze “ Statue of EoIhstI Fnimet,” 
by Jerome Connor; a biMiiKe figure, '‘The Fire Dance,” by Louis 
Potter; and n marble stHtue “The Dying Tecumsoh,” by Chevalier 
Ferdinand Pettridi, 

An nil portrait of Dr, Charles D. Walcott, recently painted by 
Ossip Fendinu, was deposited hy the Smithsoiiiun TnstiLution, as 
were also' largo oil portraits of Washington, Jackson. Henry Clay, 
and "W. W. Cnraoran, by the Supreme Court, of the District of 
Coliunhia. 

Through the kindness of Mr. llnlph Cross Johnson, many line 
examples from his splendid private c*j1 lection of paintings were csoti- 
tinued on exhibition throughout the yesir. while the collection of 
Mr. W. A. Sinter remained in the GuUcry until in December. Seven¬ 
teen paintitigs from 11 friends of the Gallery were also added to the 
general loan collection. 

The Gallery held four special loan exhibitions during the year. 
The most notable of these, given under tlie auspices of ihe National 
Pnrk Service of the Department of the Interior during .fivniiary 
and February, and designed to bring to the attention of American 
' touristy some of the marvelous natural attractions of their own 
country, consisted of 45 oil paintings illustrating scenes mainly in 
the National Parks and ilonuments of the United States, among the 
•£t artists represented being All>ert Bieratadt and Thomas Moran. 
jVssembled in connectioib with the meeting of tile National Parks 
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Confi:reuce hAd in the Museum uuditoi-iiim from Jn-nunry -2 tu fi. 
this iDteresting eshibition wus opened with ft gjpeciftl view on the 
evening of the second and the miijority of the paintingR remarncd on 
display until March* It wns supplemented by scries of photo- 
graplis^ studies in oilj and other pictDria.1 matter shown in seveiTil 
Toams. 

The other spedal exhibitions were as foUows: Tw'onty oil paint- 
ings mid 1 bronze gi'oup, by Edwin Wilknl Deming, tllustrating 
the old-time Ladian* hi^ war^ hunting, and religious kiie and myOiul- 
ogj's a ooUecticD of 21 oil portraits nnd other paintings by Orlondo 
Kouland, which opened on the evening of April 2^ and was es¬ 
pecially noteworthy for the number of prominent men represented ^ 
and a colleedon of 48 paintingSt mostly portraits, by the Husian 
paintert Ossip Perelma, which began on April £i&. 

Mention should also be made of Ihe ceremonie^s attending the pres- 
cntiition to the Gallery by the Emmet Statue Committee of the 
bron^ fiilUcngtb figure of Eobert Emmet by Jerome Connor, whicli 
look place in the rotunda of the new building on the aftemuoii of 
June 28- A distinguished audience, including the Prcsklent of the 
[?uitad Slated and other high offii-ials of the Government, was in 
utteudance and sieveral addresses iivetc made- 

MEETTINGS and CONGRKSBES. 

The aocotniu^Klationa afforded by tha auditorium and committee 
rooms in the natural hiEtory building w^erc utilised on nmny ocea- 
eiomL Three courses of lectures, extending from Kovember to April, 
were given under the auspices of the Washingtou Society of the Fine 
Arts, while three other local societies, the Anthropological Society of 
IVashiugtoE, the District of Columbia Dental Society, and the Sc^- 
ciety of Fctlcral Thotographers, also made tliis building their regular 
meeting place* 

The Kntioral Academy of Sciences had its annual meeting in 
April, and lectures were delivered tindeir the auapices of the Wash¬ 
ington Academy of Sciences* the War College* the AudiilKin Society 
of the District of Columbia, the Bureau of Commercial Economics, 
Ihe Washington Center of the Drama Tongue of America, the 
Shiiko^fa;ftre Society of Wtishington, and George Washington Uni¬ 
versity* 

Several bureaus of the Department of Agriculturo made use of 
Ibe auditorium or committee roc>ms for conferences and hciiringa. ami 
meelings were held by four societies repre^nting bipedal fields of 
ngrlcnltural subjects. The exhibition hulls in the natural history 
building were opened one evenitig for the benefit cif the Ohio Com 
Boys and Domestic Science Girls* then visiting AVashington* Other 
mcetinga of a goveriLmeutBl character were sa follows; By the 
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tloiinl AisoriHtlon »f roetninslcrs, holding its nincteelith oniiuiil con¬ 
vention i by the Bureau of Foreign ntid Domestic Commorco of thu 
Departmeut of Commerce; by the KuUonul i'arks Conference, utidcr 
the auspices of the I?ntioiial Park iiicrvice of the Department of the 
Interior, Accompanied by an exhibition of paintingB: by tlie Na- 
liojml Kcsearch Council; and by the Bui-eau of Commcrcioi Eco¬ 
nomics, which giive an exhibition of lantern slides and looiiou pic¬ 
tures relative to the prevention of contagious diseases, for the bono- 
lit of the Council of Xutioiial Dcfem;e- ilr. Eugene E. Thompson 
tiddresscd the employees of the Injititutioa and its hmiicLes on tho 
subject of ihe first Liberty loan, and two rehcsnaiJs of the intef- 
iJepartniental chorus tn prepuration for Flag Day exerdees were 
licld in the Auditorium, 

Ifcceptions were given, on the invitation of the Begents mid. Secre¬ 
tary of the Institution, on the occasion of a special view of paint iiigii 
by Jfr. Orlando Uouland, and to tho Djiughters of the Auicritan 
Revolution at the time of their annual confess and the delegates to 
the cightli annual convent ion of the Amcrii-an Federation of Arts. 
The exhibition hulls in tho natural history building were oi>efied on 
the ev'ening of dune G in honor of the visiting Confederate Vetcrims, 
Sons of ConfederAta Veterans, and Daughtera of the Coiifedui’ucy, 
the receiWng party consisting of Secretary mid Mi's, ^^hilcott, Miisa 
Mary Ijce, and menibors of tlie local reception committee, 

ittsci:LLA>i'Xm«- 

Over G,000 duplicate specimens, included in IG regular .sets of niol- 
liifiks, Ih regular sets of fossils, and a number of special Bats, were 
distributed to schools ami colleges. Exchanges for isecurbig addi¬ 
tions to the collections involved tho use of about 19,500 duplicates, 
Tchile above 14,000 s(iecimen.s, chieily biological lUid geologicitl, were 
lent to specialists for study. 

The attendance of visitors at the natural histoiy building aggre¬ 
gated 343.183 persons for week days and li3,tJ42 persons for Sundays, 
being a daily average of 1,096 for the former and for the latter. 
At tlie arts and iiidltsirica building and the Smithsonian building, 
which are upon only on week days, the totals were, resitcctively, 
161,700 and 86,330, and the daily averages, 51G and 2T$. 

Bv the btirms of three wills admitted to probate during tlie year 
the Museum will bo materially benefited, and in another case the 
testator's desires ha to already been carricfl out. Attention has been 
lailk’d to two of these Iwqucsts in other ronncctioiiB, That of Henry 
Wanl Kanger is destined to have an miportaiit bearing oil the future 
welfare of the National tlallery of Art, while the collection of rep¬ 
tiles left by .Fuljus Hnrtir, sr.. is especially noteworthy and valuaide. 
To tlie late Miss Sarah J. Fanner, of Eliot. Muine, the Museum is 
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indebicfl for tbe buqot^i of the modol^ and npimratUH left hy h^r 
fuLlier, M(^ G. a promitiJiiit pioneer in the development of 

the electrical induistries* nmtiy of whose invenUonia have for ssome 
time been represented in the MiLseum. Through the wLEhes of the 
late Kev^ Bnicc Hughes^ of Lebanon* Pennsylvania^ the Smithsonian 
InstitutioQ becomes the recipient of n simall sum* the t^idue of hb 
estate^ to found the Hughes Alcove^ which will be established in some 
form in tlie Museum and be added to perpetually from the interest 
on principaL 

The puhlicalions of the year consist of one volume of Proceed- 
iags, two volump^ of Contrihatious fn>m the UnitCil Stat^ Jfatloiial 
UerbariuroT and four BuUetius, besides 76 separate paporn, all of 
which were from tJie Proceedings, except two from the Contributions 
and tw'o catahigues of spednl loan c?c1iibitioQa in the National GalJcry 
of Art. The total number of copies of publications distrihutod was 
about &1*000. 

The library obtained^ by purclio-^i gift, luid exehangep 1^73 vol- 
umeSr 65 ports of volumes and 3,556 pamphlets. The more impor¬ 
tant donetioDs were from Capt John Donnell Smithy the estate of 
the late Dr. E. A* Jfcanis. United Stales Anii\% and Dr. William 
H. Dali. 

Itcspectfully submit le<L 

RicriAso RATmrNT 
A^htMi Secret(xri/ m €h<frg£^ 

A^atl&fuit Afmeum^ 

Diu Chaiiij:s D. WALcorr, 

Sccreifiry of th^a Itntii/ulion. 

NovzamiiH 10, 



Appendix 2 . 

KEPORT OF THE BDREAU OF iVirERICAJf ETHNOLOGY. 

Sir: Pursnant to your request tkted July 3, I Iifive the honor to 
Ciubniit I he following report of the operations of the Bureau of 
Ajnoricim Ethnology during the Iketi] year ending June 30, 1917, 
conducted in uceonlunce with the art of Congress approved July I, 
1010, making provisions for the sundry civil lixjX'tLSfti of the Govern¬ 
ment, unci with -A plan of operations subjiiitted by the etbnolugist-in- 
chnrge and appmved by tlic Secretary of the Smithsonian Institu- 
lion. The act referred to contains the following item: 

Amcricntj ethiiaSoj;^: Tor coatlculng pUmolugleii] tli# Ani^rl^ 

fnti IndKaoH iiud tbi* itHtlvce tif nnwuU^ the e£cnvatlpti nnd preseira- 

tJoD d| anduEuloj^c reuuLlni^ under ihe iHreftlrm uf ihe SnukhM^iiiim IiiRtitudoii^ 
ItkcludlD^ iit^eeitsziry vnipluytL'e^ uud the pnrcliaw! of iieeihayirj- bwka uml i>LTlodl- 
cflTfl, (^000. 

In addition to cx>ndiici:mg the administrative of the biirtaUt 

Mr* F. W* cthnoIogtet-in-cljjtrgtiT a^sted by Miifs Flomhcc 

M* Poflst, contiuudid llie preparation of the annotated biLiliography 
of Uie Puf?b]tj Tiktlian.s as opportunity offere<lj adding about IjOOO 
vanls to thti 9^00 pnniously pj^pared* 

8VSTflitATir UKSRitnCFlEi^. 

In April Mr* llodpc prownnled to New Mosico tor the purpose of 
makiiig fina] arraugetuents with thg Znhi Indians for the excava¬ 
tion of tlie ruins of the large pueblo of Ilawiknh* situated on tlieir 
reservation in the wK?tern-central part of the State. This having 
been accomplished* ^^r, Hodge relumed to WRahington and in the 
latter part of May again proceeded to Zuni and established camp at 
Hawiknh* tvliere excavations were immediately comnicncod under the 
joint auspices of the Bureau of American Ethnology and the Mt^^iun 
of the American Indian. Ileyc Foiindatioiu of New York City^ the 
latter institution bearing most of the expense of the expedition* and 
assigning ilr. Alanson Skinner and Mr. F. F, Coflin to aid 'm tha 
work. AiiLhority for conducting the excavations was courteously 
granted by the Secretary of the Interior* 

The excavation qf Uawikiili has as its chief object the study of 
0 Zufii pueblo known to have been inhabited from ju^litstoric tiines 
well into the historic period, for the pur|>ose of detenniniiig, so far 
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as possible, the chnractt^r slid urts of tbe Zufii ponplc in early tinKW, 
aa well ns the etTt'Ct of Spanish coiUnet during the sixteenth and sev¬ 
enteenth oentiiries. Hawiknh was one of the fumed “ Seven Cities 
of Cibolu ” of early Spanish narrative, and ita history fi-oni tha time 
of its discovery in 1530 until its sbaiidoumeiit in 1670 is quite well 
knowtn Consequently the information that the mins may be ex¬ 
pected to yield will in all probability shed considerable light on a 
plinso of the culture of a branch of the Pueblo Indians at aa impor¬ 
tant period in their 11 fe^ 

It is not neccs^sary in this brief report to present the results of the 
llawiknh excavatioufl, which were suceessful beyond unticipation ju 
both a subjective and a objective way. It is expected that a sum¬ 
mary report on the work, which was El ill in progress at iho close of 
the fecal year, will bo presented for pubUeation in tha near fului'c, 

Tlie beginning of the Gscal year found Dr. J. Wulter Kewkes, eth¬ 
nologist, ooguged in an archeological reconnoissaiico in tlie vicinity 
of Gallup, New Mexico. Early in July he proceeded to Mancos, Colo¬ 
rado, examlnitig ancient ruins cii route and commencing intensive 
archpologicfll work in the Mesa Verde National Park, where ha re¬ 
mained until the close of September. These excavatloua, conducted 
with the cooperation of the Department of the Interior, were In con¬ 
tinuation of the work initiated several ycara ago, of uncovering and 
repairing the nunains of the more important prehistoric ruims in thiit 
great area, thus iiiaklng them availahlo for study and adding to the 
jmrk's many attroctiona 

The scene of Dfxrtnr Fewkess activities during tliis geason was one 
of a cluster of 1(! ruins known ns the Mummy Lake group, situated 
above Soda Canyon. None of the w*alls of this large ruin projected 
above the surface of the rnouml of fallen building stones and other d^ 
hris covered with sagebrush, hut on cxcavaUon the nunains were shown 
to be those of a rectangular pueblo, 100 by 113 feet, with three stories 
at the north and an annexed court inclotod by a low wall on the south. 
Bv reason of its conuuanding situation, Doctor Fewkes has named this 
former pueblo Far View House. After clearing the ruin of the great 
quantity of debris accumulated during centories, the tops of the walk 
of the four tivas uncovered were protwtrd with a capping of con¬ 
crete, and so far as means would permit the walls of other chambers 
were similarly treated. As a report on Doctor Fewkes’s work at Far 
View 1U»usc will appear shortiyj it is not necessary to present the 
detaik here; but it may be mentioned that the most important result 
of the study of this site k the fact that a new type of Mesa VerJe 
structure has been revealed, the form and character of which died 
light on the close relation of puebloa and cliff dwellings Indeed, 

^‘‘A V*HIf FaFbltt itte lu reaplF,** atDlUMwbEao KetioH tar lEli}, pp, itfinsa, 
i-ts, i-T, w'iilaiBgtA^, iQit. 
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Doctor Fewkes reports tbut Far View liouae is the only known ex¬ 
ample of li pure type of piiello erer completely cj^vated, the term 
“pure tjT»e” signifying n terraced community building constructed of 
shapof^t stones and having circular kivas united with surrounding 
rectangular rooms. Other signiBcant features are the vaulted roofs 
of the kivas, the sopportiiig beams of which rest on pilasters^ and 
the presence of a ventil ator and a dcBector In each kiva, as in the caso 
of certain cUff dwelluiga, As this pure type of pueblo is entmely 
prehistoric, it may bo rcgardetl ns representing a stage in architec¬ 
tural developmont between the older stage of pueblo structures and 
the mixed type or more modern form in which the arrangement of 
the rooms and the art of tlie mason exhibits a retrogression. 

On finishing his work at Far View Hfluse, Doctor Fewkes risitjxl 
Utah primarily for the purpose of determining the geographic dis- 
tribtitiou of mins in the iiorthem lumts of Pueblo culture. This 
loconnoissancc extendwl to the Uintah Reservation, w-licre hitherto 
Unknown ruins of Hill Canyon, near Ouray, were examined and 
where a number of stone towers sim ilar to those along San Juan River 
were found, Therfe ruins, to which Doctor Kewkes’s attention was 
called by ^fr. Kneale, agent for the Uncompubgro Utc, are eipc- 
cially striking owing to their omtauul situation on eroded rodci of 
mushroom shape. Thc^ie towers mark the uorthermnost limit ut 
Pueblo culture in eastern Utah, lUid some of them are especially in¬ 
structive hv reason of their relation to prehistoric towers much 
further south. An illustrated report on these remains, by Doctor 
Fewkes, has already apjicarcd.* 

Mr. James Mooney, ethnologist, was engaged in field w'ork among 
the Ea,stcm Cherokee of western North Carolina at the opening of 
the fiscal year, and on his return to Washington, August 10, resiimiiil 
tlie translation and annotation of the Sacred Formulas of the Chero¬ 
kee, as well as tlie idcutification of the plants, etc,, used by the tribe 
in its medicine and other rites, Mr, Mooney reports this work to 
be well advanced, but its complicated nature, coupled with the 
author’s iU health daring the year, has made progress somewlmt 
slow. Sir. Mooney also spent considerable time in supplying in¬ 
formation on technical .'iubjects for official correspondence. 

Dr. John B. Swanion, ethnologist, was occupied chiefiy with two 
lines of investigation—the one hi^orical, the other philolo^eal. In 
July and August he made a thorough examination of the Woodbury 
Lowery and Brooks collections of monii-wripts in the Library of Con- 
gross bearing on the early Spanish history of Florida, finding many 
important itema for incorporation in his “Historj- of the Southeast- 

1“ XrcfafolgairmI lnTMiti*» Umi* In Xfw Colorade. oad tUh." Siiitth»o4iliii Ul*c. 

CwlU, wL II*, no. 1, pp^ 




48 ASSiriL llEPOllT aMITKBOWUN' IXSTITUTIOH, 1M7. 

urTi Tribeii.” In September Ductor Swan ton I'lultcd tlie Newberry 
Lilimry m Chiciigo, where other Vfilmibleetfrly documents were found 
in the Edward E, Ayer collection, which suhijetiuentty were copied 
for the burciiu^ use by the courtesy of tlie librnrian. These latter 
mnnuscripts include a report on the Indiana of Louisiana by Bien¬ 
ville, a Lonisianu memoir with an extended description of the Choc¬ 
taw, and a memoir by the French captain Bercnger. containing, 
besides historical and ethnological informution, vocabularies of the 
extinct Earankawa and Akokiska tribes. A SpanLsli census of the 
Indians of Florida after the period of the Engliab invasions should 
also be mciitioned. For some months after his return Doctor Swanton 
was engaged in adding to his monograph the historical notes thu,<t 
rthtoined, and in copying and tmn,<ilating the more important parta 
of the miinuscripts mentioned, iududlng all of the Bcrengcr menipir. 

Although Doctor Swanton's Histoty of the Southeastern Tribes 
had been completed a year ago, so far as the information was then 
available, the manuscript discoveries described have enabled him to 
augment and to improve it substantially, and more recently he Ims 
obtained some supplementary notes from the Louisiana Historical 
Society, The preparation of (be maps to accompany the monograph, 
cliiody from early sources, did not progress os satisfactorily as was 
hoped, oTiVing largely to pn?s-siirc of other Illustration work, but thev 
an» now pructicitUy Snished, 

Doctor Swanton’s second paper, also referred to in last year s report 
remains as then practically voiujdete so far as the available material 
is concerned, but it awaka fuj tlier data respecting tJie social organi- 
/4ttiob of the Chikisaw and the t^hoctnw, A third piiper, on the 
religious beliefs and medical practices of the Creeks and their con¬ 
geners, has betm brought to the same stage iis the lust, namely, with 
all fh© available material lneor;)orated and urraiiged, and the foot¬ 
notes added. 

With ji view of furnishing the basis of a general stiidr of ttie 
social organization of the tribes north of Mexico. Doctor Swanton 
spent a few weeks lajllecting material bearing on Indian economic life, 
but this has been laid aside temporarily on account of the greater ur¬ 
gency of a closer comparative study of the Indian languages of the 
BoutheHJitem part of the United States, pnrticolariy as mdi'eattons nf 
rdatk^hlp hetwoen some of them have already been noted. Aaabasis 
fur this work Doctor Swajiton lias recorded a comparative vocalnilm y 
of Creek, Choctaw, Alabamii. Hitchiti, Natchez, Tunica, Chitimaclia, 
Atakapa. Tonkawa, Comecnitlo, Cotonaine, Coahuilteco, und Ka- 
rankawa. Of these languages about fiOO words were chosen, but as tlio 
lexical material from several of tlie tribles b scanty, the comparison 
can never be complete. It was the intention to follow the ootiipik. 
tioo of this table with a closer comparison of Chitimaclia and Ata- 
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kapa, will eh show many rfeseiublnncra, but in ttie enurse of ihe work 
Si> many moi*e similiiritles l> 0 lwe£fo Chitimiicha and Tunica prc^eiitcHl 
th^^nis^lves that these wene scsltjctod instead. In partial furtherance 
of this rfescureh Doctor Swanton proceeded to Lt^nusjana in May, 
where he reniaine<l almost until the close of the year, visiting, 
Rttidying* ami photographing the mixed Indian popuklion along the 
fiiilf coast m La Fourche and Terra Bonne PiirLshes^ the Chitimacha 
at Charcntoiu and the Koasati northefl.st of Kinder. From the Koa* 
eati about 15t> pages of native text with interlinear traoslation were 
recorded, and 1S4 pages proHoualy procured from an Alabama In¬ 
dian in Texas wero corrected. 

Mr. J* N* llrwilt, ethnologists at the beginning of March \\*mt 
to Canada for the purpose of continning his InxpJois studies. Kstub- 
Ibihing headfinarters at Brantfordt Ontario, lie at onco undertt'iok the 
work of revising the extended texts relating to the Iroquois League^ 
recorded during former field trips- Shortly thereafter this w^ork 
was intemipttKl when ilr. Hewitt was selected as an otHeial ilelegatc 
from the council of ihe Six Xatioiis to attend a condolenca and 
installation ceremony at Muncietowii, in which he took a leading 
part, rdpiiring the intoning of an nddn^ of comforting in the 
Onondogtt langunge and also in acting the part of tho Seneca chief^i 
in such a council. Thb official recognition gave iMr. Hewitt the rare 
opfHiH unity of ol>sorving how such a ocrvjiiony is conducted frtrni 
uu esoteric point of view* 

On returning to Brant forth Jlairh Mr. Hewitt reffiimed w'ork 
on the texts pertaining to the league, which necc^itated tho reading 
of the words and the immediate context several times to detennino 
their final form. 3tIqreover, it was desirable to read the texts over 
with every informant sepamtely in enler to obtain a full expresssion 
of tho informant's knowletlgc or criticism of tha work of another. 
In this manner it was possible to study about 70 per cent of the 
texts, and thb led* naturally, to the collection of other corrective or 
amplifying lexbs and notes. The^ aggregate 502 pages, comprisiiig 
49 topics, recorvled from rituals rceeive^l by Shamnn Joshua Buck 
and Chief .\bmni Charles. In ndilition. Mr. Hewitt iworded in 
English translation three traditions, com pricing 45 pages, purporting 
to relate events and to express ideas a!leg^^fl to have led to the found¬ 
ing of the Leagite of the Iroquois, showing naively the hirth of the 
idea of human brotherhood and fellowbcXHl in contradistinction to 
mere local tribalisiiL 

Hewitt also made important discoveries! rcgariling Iroquois 
social organis^ition. unmely, that certain so-called clans do not. esitd: 
outside of the names used to designate them* For iiistantx?, the 
‘"Bair' clan b in reality tho Hawk clan? the clan of the 
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is the Qn\y Wolf elftn, and ti.w “Polato"' chin of that tribe 
is in fact a Duck clan or possibly a Wolf cliui. This confusion has 
Iwn due to popular acceptance of a sobriquet for the real name, henra 
thij doubt in the last instance Ijciween the Duck and the Wulf, which 
it b probable will ultimately be KHiioved, Jfn ITewitt was fortunate 
also in obtaining a set of wooden masks of the various wind gods, and 
also two masks of food gods—eight in alL He also procuml the 
gourd rattle uhhI by the late Chief dohn Buck, a medicine flute, and 
what was probably the last cradle board with a beaded belt on the 
reservation* 

On returning from the field early in July* Sir. Hewitt undertook 
at onoe the editing and copying of the tests of some of bis materJal 
ralating to the IrcMiuois league. Among theree are the following, 
chiefly in the Onondaga latigiiage: {!) The eulogy of the grandsites 
and founders, one of the essendal chaitts in the condolcnco ritnal, in 
the version used hy the^" father side” of the league; (2) the laws gov¬ 
erning federal chiefs in intertrihal relations; (3) the laws relating to 
munler csommittecl by a federal chief; (4) the charge made to a newly 
mstalled federal chief; (5) the important tradition of the Bear-foot 
episode; (6) the address made at the lodge of n deceased federal chief 
three days affer his burial; and (7) the laws relating to the noinina- 
tion and election of a candidate for a federal chiefship- Mr. Hewitt 
also com me need the trnndatioo of the extended father-side ” tra¬ 
dition of Ihe founding of the Ijcaguc by the Degaimwida and his 
nz^sociatos, read the available proofs of "^Seneca fiction, legends, 
and myths for the thirty-second annual report, and supplied nu¬ 
merous technical da tit for use in responses to inquiries by cotxe- 
ppondents* 

ilr* Francis Flesche, ethnologist* when not engaged in field- 
work, was occupied in assembling his notes ou the Osage Indians, the 
greater portion of which consists of phonognipliie records taken 
from men ver^icd in the tribal rituals, which evidently were composed 
for the preservation and transmission of the religious concepts of 
the tribe. Tlirce forms are ueetl in their construction, namely, reci¬ 
tation, isong. and dramatic action* The apjkou parts, trailed w fgie." 
are intontHl ]jy tlio masters f)f ceremony and by male members of the 
various grntes of the tribe vvko have memorD.oil them* The^ wigiq 
tell of ihe geneais of the rribo: they recount the stories of the adopn 
tion of life symbols and explain their significance, and narrate the 
finding and selection of the materials used in iiiEiiking the ceremonial 
paraphernaliii* The songs uswi by the master of ceremonies, with 
the aid i>{ a few chosen assistanh^, iiiuke the emotional appeal to the 
various synibois employed in the rituaL Ceremonial acU, proems, 
blons. and dances accompany some of the songs and wigie. 
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The theme of these coinp(sito ritefl is the desire of the people for 
A long, pefloeful life and a ncver*cijdi(ig line of dcsiccndBiita, nnd, the 
wfgie, songs, and ilmmatitr acts coastituto a supplication to the unseen 
power for aid toward the realisation of this desire. The never-ending 
life so devoutly Jsoughl for the trihe seemed to the people to l>e ex¬ 
emplified-in the unfailing recurrenee of night and day, in the enn- 
titancy of the luovcments of the heavenly bodies, in the manifestation 
of a like desire among the living forms upon the earth, and thus to 
point to an ever-present iinsccit aainmtlng power to wiiieh the people 
mtist appeal for the granting of their prsyerSL In this appeal for 
Mver-ending life the Osago naturally personified, and to a degree 
deified, tliuso ob]«:ta to whidi, as lie thought, tlie unseen power bad 
granted this form of life. Among these lie included the vast- space 
within, which the heavenly bodies mysteriously moved and into which 
all living forma an* bom and exercise their functions. Thus all as¬ 
pects of nature are made to pluy a purt in the great drama of life as 
presented in tliese rituals. 

Early in tlie year Mr. La Flcschc finiidied triinscribing the wfgie, 
MS well as his notes on two complete versions and a portion of a third 
version of the child-naming rituals, comprising 107 ti pcwrilten 
pages. On completing this task he undertook tlie translation of the 
Osage personal names in current use and of arranging them by 
gentes. The Osage generally cling tenaciously to the ancient custom 
of ceremonially naming their children in the belief that the cere¬ 
monies aid tlie young in attaining old age. In this work Mr, I.ai 
Flesche was able to determine that many memliers of the Osage Tribe 
(nrolled as ftdl bloods are in reality of mixetl bltaxl. The tabulation 
nf these names by sex and geiites, with their iranslutions, together 
with a transcription of »>iiia characteristic tales, occupies 201 type¬ 
written pages. 

During the hist four montlis of the fiscal year Sir. La Fleache was 
engaged in assembling liis notes on the fasting ritual of the Tslzhu 
AVaKhtago gens. Most of the songs are quite different from those be¬ 
longing to the fasting rituals of the Udngu, while some of tbc wigie 
are tins some, these lieing used in common with slight modifications 
among the difleivnt gentes. These fairting rituals cover lao com¬ 
pleted pages, including the music. 

A wfgio was obtaiued by ilr- La Flcsche from an old woman during 
his visit to the Osage in’dauiiary, 1017. This wfgic, which «>nfliBt.s 
(»f eight pages, filU a hiatus in the nish-mat ceremony previously 
ret'orded. 

the opening of the fiscal year Dr. Trumim Michelson, ethnol¬ 
ogist. was ongagwl in continuLiig his studies among the .Sunk and Fox 
Indians of Iowa, the mnin work accomplished being the phonetic 
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mtnrnltciii of n Icmj^ wriUen m tho current sj-lliilinry, on tho 
origin of tho white liiiiTiilo ijiitice, iiitemlcd for publication its u bill- 
Ictin of tho faiireniii. Comiilvruitfc uiformtttKm portnining to n niimlior 
of atcrc^l hunrlirsj of the Fox Itidinns was obtained, ns well as vnrloiia 
dalit of a sooiolc>jDfic»l imturc. Satrlji' SOO porHtuiul itamcs witco re¬ 
corded, together with the nnmes of the gentee to which their owners 
belonged; in this munner ab>iit oine-lenths of t.ho popnlution of the 
Fos Indinnslms been catalogued. 

Alwut the middle of August Doctor Michelson prnceciied to Okln- 
boiiiu where, with tho coopemtion of the Illitioia Centennial Comtnis- 
ftioii, he fondiicttNl researches among the Peoria. The ethnohjgy of 
this tribe, properly speaking, has pructicnllj ynnished, but their Inn- 
gtnigo imd folklore still persist, though knowledge thereof is conflned 
to only a few individunlB. Contrary to orttinnrj’ belief, the Peoria 
language, phoDeLicslIy, is exti'einely complicated. From notes loft 
by the lato Dr. A, S, Gntschet, it Imd l*ocn inferred ihut the Peoria 
laihingi fundamentnlly with tho Cbipimwa or Ojibwa group of cen¬ 
tral Algonqiiiaii languages, and this was fully eonfiriued. Tt is qiitto 
clear, however, that tiiero has Iwen imotluT and more recent u&socia> 
tion Avilb the Sank. Fox, and Kickapoo group, nnd Peoria fulkloro 
and niytholog)' also point to this elouble ftssorintion. The system 
of consangninity is clearly that of tho Bank, Fox, nnd Kickiipoo 
griHip. nitluT than tliat of the Cjibwa, Doi-tor lifidiclsuu rccordcbl, 
mostly in FngUiib, an almost cxluiusjtiAo collection of Prorjn folk¬ 
tales nnd myths. 

After devoting about a month's time to the Peoria Doctor Michel son 
returned to Iowa and renewed his work among tho Sauk nnd Fox hy 
making a phonetic restoration of it number of texts on minor sacred 
packs pertaining to the wliite buffalo dunce, iis well ns by i-ccording 
almut 900 pages of the exirmnely long myth of the Fox culture hero 
Most of tho oerctiiDtiies in cotinc«tio'n with the presentntion of a new 
drum of the so-callwl religious dance of tho Pntawatomi of M'isconsin 
were witnessed, as also w'tro parts of « number of chin feasf.s. 

On returning to ’Washington in KoA'ember Doctor Miehelsoti com- 
itiuncbl the i-evlsiii.n of the F..nglj£l] ti^oslatlon of tJic texts relating 
lo the white buffalo dniirc, and devoted attention also to pumgraph¬ 
ing and punctuating the Indian originab for the purpose of making 
tlicm cornsipond witli tluj Englidi tH|uivnleiitfiL By the dose of the 
year the English frim-shitions were typewritten and put in nlimjat 
filial shitiM-, wliiie littlo work i-cuiaitied to complete tho whting of tho 

Mr. -1. P. Harrington, ethnologiPt.spent tho entire year in continna 
tion of his intensive study of the Chumaslijin Trilics of California 
obtaining a large body of Important information which at present i^ 
in varioua stages of elaboration and which will comprUe about 1,200 
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tjpewHitcti From the beginning of the fiscal year until Sep¬ 

tember 15 >Ir, iiarrington devoted hh utteiition to the Purismeho 
dialeotf the existing vocabularies being corrected by the informanti 
fliid many new wortis and gramniaticai forms added. The next tbreo 
v^ eelcB were spent mi the Obispeno with satisfactory results, iuasinueh 
as Iho material obtained in former ycar^ was more than doubled- 
The sole informants feeble lieallh made I he recording of this ma¬ 
terial uniiBuallj diSicult, but it will prove to be of great local as well 
as of general interest The remainder of the fiscal year was devoted 
to Ventiireno and Ineseno. While not so nearly lost os Obkpeno, it 
is too late to obtain complete infomiation on these djalects, but in 
the process of their study many impuriaiit points have been deter¬ 
mined. It is largely fre™ ^heir studj' that tlio picture of former 
Chiimashan life must be rcconstmctcxlp 

The study of the material culture of ttio Chtiniasban Tribes has 
not been neglected, and in this work arohcologit-al material has 
been of assistance. Among the important points detemlined am 
details concerning the making of the ancient deerskin dro^ of the 
women, which consisted of a lat^ back fiap and a smaller apron. 

From the beginning of the fiscal year to the middle of January, 
IftiT, Dr+ Leo J. Frachtenberg, special ethnologist, wasj engaged in 
field work in the Htato of Washington, where he devottd special 
attention to the Quileute Indiana and to collecting additional liji- 
guistie and mythological matcritiL The ethnologic investigations 
covered the subject^^ of history and distribution, manufacture^ houses 
nnd iioueeholds, dothing and ornaments, subsistence, travel and 
transjxirtation, warfare, games and pastimes, social organization 
and festivfilsF, social customs, religion, mcHlicinea, charms and current 
beliefs, and art, and the recorded results consist of 577 manuscript 
pages. In addition. Doctor Frachtenberg recorded 150 nAtive songs, 
including words and translations; he also obtained sc vend hundred 
native drawings illustrating the material culture of the Quileute, 
and photographed a like number of ethnologic specimens. Further¬ 
more, he materially added to hia linguistic and ethnologic studies 
of this pK>ple„ commenced during the preceding year, by collecting 
several thousand additional granunaiical forint and phrases, and by 
recording 22 new native traditions with interlinear tram^lationg, and 
3 *itorieB in English. These texts, in the form of field notes, comprise 
176 pages. While engaged In this field work Doctor Frachtenherg 
was iuiitrumontal in mducing JIrs. Martha Washburn, of Xeah Bay, 
Mr. and Mr^ Theo E. Eixon, of Clallam Bay, and Mrs, Fannie Tay¬ 
lor, of Moran, to give to the Xational Jluseum a part of their collec¬ 
tions of ^Inkah and QuSlente specimens, including two old totem poles, 
approximately 1.00 baskets, and more than 30 other ethnologic spiwi' 
mens. In ajdkiun to the Quileute siudies mentioned, Doctor Frach- 
1917-5 
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tenberg collected SB pag«s of Makah (Xootka) lioguistk data^ oT 
pBg€£ of QtiLDauIt (SbIIbIi)^ and IS pages of Clallam (Lkungen). 
Wliile in Portlandi On’goii, he obtam^ through the courtesy of the 
municipal authorities a fine roliection of pbcjtogrnphs representing 
-Severn 1 hundred archeological objects owned by the city. 

Doctor Fmcb ten berg relumed to W».shingtoii etirly in February. 
Suljsequently, afier coiLference with Dr, Fran/ Boan. honorary 
pliibilogi:‘nt of the bureau^ it wus arranged that Doctor Fruchtenberg 
pre]3[ire for the Handbook of Aniericnn Indian Languages eompara- 
tive sketches of the Kaltipuya* ilolalu, Klamirtb. and Quileute, and 
pOBRikrly one of the Salisli languages, tfe also engagctl in the final 
preparation of bin paper. ^Useii Tests and MytliSj which is now in 
prcicess of printing as Bui lei in ts7. He proceeded to prepare 
for piiblioutioii the results of Ms earlier mvestigatiaoH of the lan¬ 
guage, ethnology^ and laythologj' of the Kalapuya Indians^ which 
will consist of two papers: A GrammatiCFil Sketch of the Kala- 
puya Languages and Knlapuykt M^ihs and Tests, The KLilapuca 
grammatical inateriul coitsisHts of estended field notes gatlieriHl in 
and and of grammatical notes on the Atfaluti collected by 
Doctor OBtsehet in 18TT. Doctor Gatschet^ss matenaj, compriaiiig 
pages of field notes, is of tuestimable raJue; indeed it is to the 
efforts of this untiring ischolar that we owe the prcrter^^arion of this 
tiiost importiint dialect of the Kahipuya lang3iage. since he obtiduEd 
his mnterial. which includes hIbo some vBluabte ethnologic data, from 
the lEiSt full-hlood Atfalati, Doctor Frachti’-nberg's own material 
comprises several thousand grammuticnl forniSt phrases, and Toca- 
bleSj and 32 native tests with interlinear translation—630 pages in 
all. The prepnnilion of tliese linguistic datiij as well hb the work on 
the Ksilapiiya myths and texts, is well under way. Six of the texts, 
roniprising pages, have been prepared for publication j five of 
these arc provided with inter!incur iraiistation flod with voluminouH 
noth in which atteniioTi is directed to the occurrence of similar mytiui 
amojsg other tribes, Diiriiig his ^!idit?s of the Kalajiuya languages 
Doctor Frachtenberg difevered I hut there is Eiillirient reason to be^ 
lieve that the K a In puya. Tukdniivn, and Chi nooks n languagcH:; nre 
genetically related, the determination being baf^d not only on lexical 
hut nho cm strtictural and morphological material, Tliia discoverv 
tendB to establish n connecting link between suine of the lunguag^ 
of California and most of the languages spoken in Oregon, 

During the la^t two weeks of the fiscal year Doctor Frachtenberg 
was temporarily detailed for speciftl work in the Bureau of Invft^ti^ 
tration of the Department of Jiistice. 

SPECIAL nE!^^ICARCHES, 

Dr. Fnim Boa^, honorary philologist, complete the prepnratioa 
of his manuscript on the ethnology of the Kwakhitl Indians, about 
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2JOO pii^^ of which wrts submiltcd to the hurenu and ogsigncd as 
the nccompiinying paper of the thirty*fifth nnnunl report, the com* 
poGition of which was conunencjed iicfore the dose of the fismi year. 
At the annie time pregresj was made on tJie preparatory work for 
the second part of the memoir. Under Doctor Boas's direction Mias 
Mildrerl Downs listed the incidents of the Kwakiiitl mythology 
preparatory to a disclissinn of the Enbject, iiiul necessary additionul 
information for this purpose was obtained from Sfr. Gi»rge Hunt, of 
Fort Rupert, Vam^iner Island, \fr. Hunt submitted in all 4*0 
pages of manuscript in response to questions, and sent botanical 
specimens tlmt have been identified through the kindness of Dr. X. L. 
Britton, director of the Xew York Botanical Garden. 

The manuscript for Bullet m 5&, Kutenai Talcs, has been completed. 
All the texts having Iwen set up during the preceding year, the ab* 
stracts and comparative notes, referring to the pages of the bulletin, 
were written out (3S pages of printed matterj, and n vocahulary 
<140 pages of manuscript) based on the text was prepared- 

For the second part of the Handbook of .^merienn Indian Lan¬ 
guages Doctor Frachtenberg subraitte<! Ids sketch of the Alsea gram¬ 
mar, which will be preparctl for publication ns soon as a siifiicient 
number of texts are available. Considerable progress has been mado 
in the preparation of the Kiitenai gramnuir. Owing to the impossi¬ 
bility of communicating with Mr. Bcigoras in Btissia, no progress has 
Iteen made in proof rending the Chukchee grammar, which has been 
in type for more than three years, but wiilch can not be completed 
without submitting the proof to the author. During the year, how¬ 
ever, Doctor Boas revised the F.skimo texts by Mr. Bogoras, for 
which a imef ethnological introductian lias b^n written by Dr. 
Ernest Hawkes. 

The results of the extended fielil work of Mr, James Teit, made 
possfible through the generosity of Mr. Homer E, Sargent of Chicago, 
ftre nearing completion. At the present- time two manuscripts are 
well advanced. One of these, coti^sting of abotit l,fl00 pages, pre¬ 
pared jointly h 3 ' Dtador Boas and Dr. H. K. Haelx^rlin, was sub- 
initt^ in May. accompanied with a number of maps showing the 
distribution of .HaJlshati dialects at variotis periods. It consists of a 
discussion of the charci cl eristics of the various disletic groups, (mm* 
parotive vocabularies on which the deductions are based, ,-ind a few 
simple texts. Tlic material on which these studies are founded was 
collected from field expeditions by Doctor Boas between 1886 and 
1900, and by adtllrional materin! gathered by Mr. Teit between the 
latter date and the present year. 

Doctor Haeberlin lias hIso undertaken to discuss the SalUhan 
basketry, for which purpose he has made detailed studies of various 
collections in the United States and Canada, In connection with 
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Ibis and otlier necessary researches on the Saiishan tribes^ Doctor 
Flaeberlin viaited British Columbia and IVasbington in and 

again in June, 1017, for the pnrpoae of obtsLlning additional materiflJ. 
These espeditiona were also inade possible by the genenositY of Mr. 
Sargent. 

In bis iiive$tigatitins Doctor Boas has had the valued help of Miss 
H. A. Andrews and Miss Mildred Downs. 

In behalf of the bnreati, ilr* W* H. Holmes^ of the Xationat 
Museum^ visited New Yorkt Boston^ and Cambridge^ for the purpose 
of studying archeological material in the museums of those cities in 
toiiD^tiaD ii'ifh the completion of Bulletin &t>, Handbook of Aiiieri* 
can Antiquities, part 1 of which is in type. The proof rending of 
this publication wag well in hand at the close of the fiscal year, nnd 
progress w as made by Sir. Holmes in the preparation of pmt 2, 

The study of Indian music, tinder taken b)' Miss Frances Densmore 
several years ago under the auspices of the bureau, was succe^fullv 
continued through the year. The proof reading of Bulletin fit, 
Teton Sioux Music, was brought to completion. A second season of 
field work was devoted to the Fte Indians, sufficient data being ob¬ 
tained to complete a work on the music of that tribe. Of this mate¬ 
ria! 78 new songs were transcribed and analyzed, 23 songs previoaslv 
recorded were likewise annlystwl, and ^ songs also previously sub¬ 
mitted with analyses were further studied. Five group analv^ tjo- 
gethcr w ith about 30 pages of manuscript description, were prepared. 
All except about 15 Utc records are now ready for piiblictifion; thesa 
cover a considerable variety of songs, analyses of which show impor¬ 
tant differences from songs of other tribes, one peculiarity being an 
added importance of rhythm. 

For purposes of comparison, Mi-ss Denamore nnderliwk on her 
ow'n account a study of primitive Slovak music, 10 songs of which 
were analyzed by tlie methoti employed in connection with Indian 
songs, and these were found to contain interestinp points of differ¬ 
ence. 

Throng the courtesy of Dr. Dayton C. Miller, of the Case School 
of Applied Science in Ctevelund, Miw Denamore proctired graphic 
evidetiCT of peculiarities of drum and vou-e comhlnal loii notecl bv ear 
in Indian music. Doctor Miller made two photographs, about SO feet 
in length, each representing about 1.5 seconds' duration of sound It 
is the intention to utilize part of these as illuatrationg b the forth 
coming hullctiit on Hte music, the songs photographefi being nt^ 
dance songs with strong rhythmic pecnliarities. ^ 

Early in June Mias Demmore proceeded to the White Earth R 
ervatinn. Minnesota, for the purpose of conducting a study of 
iiinterial cult on' of the Chippewa Indians, and at the clo4 nf th 
year gwd ptt>prcss wba reported^ 
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.\ff« I>. BLisbQc!l| oontiiFied Lha prepHrAtfDii of tUc luunu^ 
acHpt for the llundbook of A^xjriginal Eemains East of the Mis¬ 
sissippi, about SOjOOO words being added to the material previously 
ftimishedj not Includiug a portion that wm rewritten as a result of a 
discoveiT of new and valuable information pertalniug to certain 
local]lies. Introductions to the archeology of varicars States remain 
to be written, but it i» believed that both the tnanuscript and the 
illust rational for the entire bulletin will be completed before the cloti® 
of tbo year 1918, 

tender tlie joint auspices of the bureau and the Kational Museum 
I>r. A. Hrdifka visited in October. a site at Vero, Floridaj at 
wliich were found certain hiiiuaii it^mains reputed to be of great 
antiquity^ As a siimmnry ncconnt of Doctor Hrdlioktv's observations 
has already appeared in Smittisoniau Miscellaneous CoUections (vol. 
6C^ no* 17j pp, 21-29^ IPlT) and an extended report will be published 
m Bulletin €6 of liic bureau, now in press^ it need only be uientioued 
that a tborongh inquiry has resulted decisively agalnSft the assump¬ 
tion of great antiquity of the remaitis. The pottyrj' and the bone 
nnd Slone objects found in aosociatton with the human burials are 
identical with similar ailifuets of the Florida and other southeastem 
Indians, while the boneg themselves without exception exhibit mod-^ 
cm features, with numerous characteristics that permit their identi¬ 
fication as purely Indian, 

Owing to the fact that Dr. A. KroebeCj of the Univesity of 
California, found il expedient to elaborate certain portions of his 
handbook of the Indiana of CaliforniaT it w^as not practicable to 
^ibiTiit the entire manuscript before the dose of the fiscal year, but 
at this writing there is every prospect that the work will be ready 
fur publication within a short time. 

ILANTTBORIPTS. 

The followlugmnnascripts^ exclusive of those submiltiTd for publi¬ 
cation, were received by the bureau: 

rbatu^L copy of a Eyan BUis vacahularr, recorded by J. >t. OrelKh- 

ton, ITnlteii States Navy, tnin^mitteU to the SmUlUK>alan Tii^tltiitloa by the 
15ecretaT3' of tJie Navy. 

PliUUplae pr^Utod liy Atr. El IL nniaiaeaiLl^ of Albaqatmitte, New 

Meyica 

Pheto^mpli of n ptottire wrltKag on oUe sbEa by Wasluikle, the Sliq«akoni rhief, 
wtib a key thereto. 

Ueports on preMstoric rula^ in Arltoha. with iiuinerua^f photogtnpti^ pre¬ 
pared by the late HolBEueer, of the General LfttiU Ofllee, and depaslted 
In the boiisnu hy the Called States forest Soti-lcer 

Abnakl hyuina from JToha Tatumiontn of Plerrevllle^ QuelteCt presi^ntod hj 

Geoi^e <r. Reye, Esq. 
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. rUKLlOATICiN^. 

The editing o£ thfi publications of the bureau was eontinueci 
through the yeitr by J* G, Gurley^ a&^istcd m occogion rec^ui^ed 
by Mrs. Frat^cea S. XicboU. The status of the pubUcutions h pre¬ 
sented in the following siimniar;)': 

rUJ&LlCATlOSS liWlJEn. 

Thirty-tlrut Annual IttipLurl. Acx*vt£i|)nnyl[ki; uufter: Tm^lin^kinD ^Eyttuologr 

CooSr An TlluAtmllvu t^punite < FruehtenLwri;}, rtiilivtiii 40^ part. 2 

(EaR:»>. 

Bulletin 55, EthDobcitim^' af thy T^wa Indian a Batrinjeion, Fr^lre- 

Mnrrecii). 

[4lJ9t of l^blicntlonfl of tltn Hnreaii. 

FrtllJtATniNH IX im IS FRRPABATION. 

ThlrtT'EMnd AnnuDl flo^rt^ Amentmuylii}; imper; Flcllon, 

iiarl ^[ythfi ntwl OurtlnJ, 

llilfiy-tlilrtl AunuaL Itt^port. Aci^jaiiMihyloe iiaim: (]J Usej of munt# hy 
the ladlanjq of the Nf>hni^H Recoil (GJItnore) : (2) Prellmliuiry Arconnt of 
Um AiitlquLm;9i of the Uefdon betwovu the Mancos and Tji f*laui Itlviira la 
KoulLweHtGra Oiloraily lilorrifi); (2} on Pri-bl^^orli- itorpl potterv 

tPowke^) ; (4j The Hawdihm EoiiiaQi'c of Loie-hka-Wai (BeckwItU), 

Tlilrty-fourth ABamii Report, AdxniptinyiiiR paper: Aa rntratlaetocy 8tn^]j 
of the Arts, Crafts, ami Cawtoius of the (aulatin Indlnzm (Itolli). 

Thirty-fifth Amiual Rtriioft Accompany log paper: Ethimlo^ of the KwaMiiti 
Infihinif ^Hant, edited hy Boas). 

Bulliitin 59, Kntnol Talofl iBoas). 

Bulletin UO, HankIhirMjk yf AtHkHetnnl Ajuerlcan Antiquities. Part C latrti* 
dactnry: The Llthlc Induntrlea (Helnies)* 

BuJletlu fiil, Ti>toti Bimix 3luslc tiNfQsaiij>re)- 

BnlTettn Annlitlofil and Crlti™i Biblloirmiihy of the Trihea of TEerra d 
riKT^> and Adfflcenl Territory fCoOi»erJ* ^ 

Rtillethi 04, The Slayn Imllomi of S^mjtJiern Yuratiin ami ^^orlhem J\r\tuu 
Hondo tus lOntiti), "ritisti 

Bulletin es, Artheoloj^cal Exiiloretlouii in ^ortheasteru Arlxiiim {Klihl(jr 
GncmKeyjL 

Bulletin 00, Recent Piiseoverlrf of Bonialm Attrlhntoii to Errfit ^r.. . 

Amt^ricn (nrJIKto), '»* 

Biilletln 01, Alsea Tey Pi nml ^lytlis (Fraeliteiiberi:). 

Thr distribution of publications bos been continued umler the 
immediate eburge of lifiss Helen Munroc and ut times bv Mr E L 
Springer, of tiic Smitimouian Institution, assisted during the fi 't 
part of the year by Jtiss I.Jina \\ Scbelski, and Inttorly by Mi® 

A. Sowewby, stenogroplier and typewriter. Notwithstanding coi^ 
ditions incident to the war and the coimfiiient neeessitv of witi K i 
ing the transmission of various foreign shipments, publieationa w ^ 
distributed as follows: ‘ 
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CaplHL 

Anniinl r«pc}rlA and .....— rj,l>54 

Bulletins and aoiMinilcs___ ____ . . 5,#HM 

ContribuLLoDB to Nartli AmerL^n Etbnola^^^ odiI _ 2S 

ME3C%lli!ini>utiB _ _ __ _ __ 191 


_________ 


lLLUi^T|UTIf»;S. 

DeLflnrey Gill, with the jiAaiststtce of ilr. Allwrt E. Swecnay^ 
continued the preparation of the illustration::^ required fur the pub¬ 
lications of the burcttU and cle^^otecl Uie u^:ual uttention to photo- 
l^raphiiig visiting Indians, The results of this work may be ifjuin- 
Jiiurisked ss follows; 


I^ln^toKraphlc prlntB for cUstrLbatlon and offlco uso--- _... 

Xo^iTlfre i^f otlmologlc DDd arcbcoJofIc! ___ ITS 

Nogntlve fUmB ilavalorM^d fToni Hold expos™ rts_ , --- -1-* 

PlicitOtitut prinLd from IjookB aail iinimiBcrEplH-. . ^ 

Dniwitii;^ mmlii _____, 54 

Mounts usoil __________ . _.^^ iS2 

Portrait ntTOtivcs of visiting Inillan» (t^rwlc iK Amlmbfi 4^ J ^ 29 

N-rgnUvcaf ri*toiicbaL _ ____ _______ —.- T5 

lllnstrstloii prnofH oxamint**! at (.loveminent PrJntlnir — 9. 000 

lllustratlomi sutiinittrti for reproduction anil ongrover'a prrmfa ctllted_ 791 


LIBIIARY. 

The reference libraiy' of the hurenu continued in the inimediato 
care of Miss Ella Leary, libraritin, assisted by ilr. Charles B, Xew- 
man. During the year 435 liooks were flctasidoncd, of which S)7 Averc 
purchased^ 236 acquired by gift or exchange, and 52 by the entry of 
jiew'ly bound volumi^ of periodk^k previously received. In addi¬ 
tion the bureati acquired 388 pamphlets. The nggit^gate number of 
books in the library at the close of tho year wa^j 21,750; of pam¬ 
phlets;, about 13,848. In addition there are many volumes of un- 
Ijound pericxiicftls. Several new periodicals were added to the ex¬ 
change list and about 50 defective scries were eilher wholly or partly 
completed. As might be expectetL the publicatiori of various Euro¬ 
pean periodicals devoted to anthropolo^^ has either been suspended 
or hm ceasi^ entirely. Largely with the A-^lstance of Mrs. Fniucci^ 
S. NiehnlA many of the older bookB and pamphlets were newly cata¬ 
logued by both subject and author^ and thus made more readily 
available. Of 133 volumes sent to the binden^ about half were re- 
tumwl before the dose of the year. Books borrowcfl from the 
Libra rv of Congress numbered obout 400. 















60 AKNITAI. RFiFOBT SitlTHSOXlAif IJJ^’riTUTlON, IMt. 

OOLipE^TIONis. 

Tliv following L'rilletrUoli^ ttcipiired by the bunenti^, by nueni- 
ben> of m or by tlio^ detnikd in i^annection witb iLh. re^^eLidies, 
rmd have bwn trongferreii to the Katioiiat 

Sli ethiiolcH^e from Brltinh Onlanan preseote^lt Iky I*r. WaJtt*r K, Hulti, 

ckf ^[nrlborougli, i^niurnon Ittver, Biithli Oulana. } 

A sDioll mllernoa of nrr-lieoiii^lciil r4ij^ts of i•iirtllellVkn^i^ jiiclolte, etr., from 
the KJriie dktrlrt of Toiotitcopnn, fiiintenmao. 

A eulleetEuu of jirdi^loK^cHl InelaiJlnK htinititi tKknrtt, ]itr 

Noll XL Jmill In Utoh. 

i3evQn spoGliuem^ foutnl hy XJr, Dame In XlUluril Coucitj, TtUh, mid 

pEireheuMHl fokm him through Xfr. Nell XI. Judil, ^G0ia>5.} 

A colloctli>n iif c^kjirts imd wheltUul luati^rhkl j?riihom3 Uy Thv 

XVulter UtiU|£li at the Luisa |ili vlllDsn in wi'stom New Me:!cfiXf. ItXIIBay 
Ten bfiskets of tliu Gnlaiui tndlni^ of South Amoricun preaetitbl to ihk* bureuti 
^^y I>n WiiEter E, Hcuh, of Xliirlbtkrou^hp E'onierooLL UItot, BHtltfh llQlflim 

Beventeoii prohh^ifjrlr vessels, one pSi'w of nutt^np, and n few sniill 

cihjeotA culloetod hy F+ W. Bo4l|,ne in n eirt In a cave In u ssolilheru \vn.]\ of OLboL 
Utn Tiitley* ya]™in Couniy* New Xlexicik. (WlfiSO 
TivenlT-fli e urcheoLo^leal srkedmpfm ptitlienHl by Dr, J. Wulier Fewkes fjmra 
undent mina near Oallup, Now iJes3o«i. (OnCjCG.) 

A small, hladt-wnro Tuse from Btum Ctilm [mM \ New Xtesloo. nnwenioil be 
Rdwrt H, CTbnpTiukTi, of WaRhlm^am Dl^trid of ColumhliL. 

Twdve 45tono nrtlfuctB from Reovow mil, neur Fftimm, Glom^t^stiie rnnnty. 
New Jersey* nresentcMl by 31 rs. 3!. B, C. J^human, ({108^.1 
Archeoloplcnl ninterinl co1U>etoi;l hy Dr^ J, Wnlter tVwkcs from escfivotiorw 
conilnde^l ut Xtumusy Ijike Rninfl,: [am \>nIo NutEoiuiI Park. Colorado, (iSOSSCti 
Archenlnulenl muierlnl collerted by I>r_ J. tVoUer Feuke« fntui exciivatlnnu 
entulhcterl m Oak Tree Hon^, XleKi Venio Nuriondi Fnric Cn]H>rfl[|o. fROOfi] ) 
An ^V«slnlboltje headdress from Alberto. CAhudn, prceentJOil by Mr. Btibert R 
ClmpRiEin, WosliIntTEon, Di-drld of CnlunibSn. (fMOiyr.) 

Skull A Hk€>]ptOliitT Jinrl liarls nf shdHoUA nU llldlaa ornamenf emhorldtivl tn 
intone, oml tuPirery fraguicniA colleeletl In the vldclty of Voro and Fuft 315^^ 
Florida by Dr. A. Hrdllffka. {ai2£ll.> ^ 

Seven bmiketu made by the Koasotl Itidlnun of IxuilAlnno, eiil|ei?ted Nv T>r 
Jabn IL Swanton. (Omrk.} 

PRDPKHTV. 

Fqrnitutt* was puHinserl to the amount of $19ti.S5; tlie cost of 
lypewriling mathitiM wiis $aOfl. and of a cninerA $10.r»0, makimr a 
total of $412.T& expended for furniture and apparatus. On the whole 
the furniture of the hiireaii i.siu gtiod condition, but them are a few 
iinserriceable piece:^ that should be replaced, while need of a few 
filing cases for current notes and uianuscripti^ I<j felt. 

^nscE LLAXEOUa, 

(>iwrffTa.—One of the rooms on tlie third floor of the north tower 
of the Sniithwniflu builtling. occiipied hy the huTeau, was painted 
and the electric ligiitltig of three nviins improved. ’ 
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only chAngi> iti the of the hnrenu wm 

the Appointment of Ora A, Sowersby^ stenographer end tvp^ 
wnter, on Febraai? li, 1917, toBQooecdMi^ Una V. Schelski, trans¬ 
ferred. A temporary laboner was employed from time to time when 
required. 

f’Zw^.—Tho correspondence and other clerical work of the office, 
including the copying of manuscripts, has been conducted with the 
aid of Miss Florence M. Poast, clerk to the ethnologist-in^hargoj 
Miss ifay S. Clark, and Mrs. Frances S. Xichota. Miss Sowersby 
Was aligned to the division of publications of the Smithsonian Insti* 
ttition for dnty in connection with corre^ioDdence arising from the 
distribution of the burean^s publications, 
fiespectfullr submitted, 

F. 1\'. MuDoa, 

Kth noto^iat-tH^ Charge^ 

Dr- C FT ARLES D. Walcott, 

Secivtafy of the St/uthaoniatv Inatitution. 


APPEyDTK 3. 


REPOnT ON THE INTERNATIONAL EXCHANOEy. 

Sir: I bare die boiior to submit the following report on the opera- 
tioDs of the Intertiational Exchange Sen'ice during the fiscal year 
ending June 30,1017. 

The regular (rongressionttl appropriatinn for the support of the 
sennce during the year, Including the allotment for printing nnd 
binding, was $32,200, but in order to enable the Institution to meet 
the very high ocean freight rates on foreign shipments Congre^ 
granted sn additional appropriation of $3,aOO, The repajrments 
from deparluiental nnd other establishments aggregated $3,G3T.5S, 
making the total available ^esour(^os for carrv'ing on the ^stem of 
exchanges §30,387.56. 

During the year lOlT the tohd number of packages handlini was 
208,625, which weighed 290,183 pounds. 

The number and weight of the parkagi-e of dilTereut classes are in- 
dicalvd in the following table: 


rihzkw. I WKiait 


] 

' Sf4lE. 

1 


Sffti. 

Hwflfrid. 

UfiLlbc) sit ft u* |w1iftmjintBfTf docuiwHil^ fWt v.tinisd . ... 



fix 


in f«tum tor pdjlkiaMBUuy iddKumjmti— 

Gtaup dftwLbiiucjfcl dofdamKbU idi4 ___ 


■ + + T-1 . . f-i-r 

T.fkii 

IStltUMtlaEUi In ivtum fer dfffnrtRimliiJ dmuwnti_ 

niatffla ufed punuT ptibUisaiLiHii taH. abrcAit.. 

>7,U1 



MiKdlAafoui icUiitEnc utd QI«ivt liim 

lOsqnM fcf ij^i44l»u£]£D Is tb« L'nlEcd 

.. 


^m2 

T«bJ._............ 

j na.Ka 

33,?[n 

>H>p2A 



llriLntl IntoJ._-_____ _ _ _ _ __ 

-am. tuA 








As referred to in previous remits, many rettims for publications 
sent nbnmd reach their destinations in this country direct by mail 
and not througii the cjichange service. 

Shipments are still suspended to Austria, Belgium, Bulgaria. Gei-- 
many. Hungary. Montenegro. Roumnnia, Rusaia, Serbia, and Turkey 
Shipments lioili to and from Gemmny, which were arranged by the 
02 
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Inititutiou through tlie State Department, m referr&l to in tlia last 
report, were discontinucci at the outbi'eaJc of hostilities between the 
United States and Germany, The further efforts of the Russian 
Commission of International Exchanges to resume shipments wero 
not successful, pnd the commission stated that it would be necessary 
to W'itbliold consignments uniiJ the end of tho war. 

In accordance with the proclamatinn of the British Government 
prohibiting tJie importation into the United Kingdom of books in 
bulk, it was necessary to suspend shipments to that country for a 
time. Ilowovcr, the London agtdiU of the Institution, lleasra. Wil¬ 
liam Wesley & Son, succeeded in procuring from the Royal Commis- 
sion on Paper a sijecial license to import consigniuents of interna¬ 
tional eiehangi?a into England, Owing to the Jack of riKjiilsito ocean 
transportation facilities, it was ali^o necessary to suspend shipments 
for a lime t<i Xonray, Sweeden. Denmark, and Holland, 

The director of the Govenimcnt Press at Cairo advises the Institu¬ 
tion that four boxc^ of Egyptian exchange en route to this countrj' 
w'era lost at sea, and suggestii that shipments be withhold until the 
end of the war. This suggestiDn w ill be followed. On account of 
the sbnortnal conditions in tlio Mediterranean, shipments to Greece 
will also bo suspended. 

Since the beginning of the war the Institution has stiffered the 
loss of only three iihipments from hostile action. One small ship¬ 
ment—consisting of 21 goverunjentai documents—was lost in transit 
to India during tlie first year of the war. Through the sinking of a 
vessel by a warship during the past year IS packages in transit to 
India were aJtio lost. Twenty-une boxes for tlie French Bureau of 
Exdiungus were lost when the stemnship i/vinj was torpedoed in 
February last. Nineteen of these conta inert misetd la neons govern- 
mental and scientific puhlicatiojib for distribution to varioL& ad¬ 
dresses throughout France and the other two the regular serifts of 
United States official documents for deposit in the National Library 
at Paris and the office of the prefect of the Seine. 

In the early part of the present fiscal year the Tlaluin Eicbangu 
oUice in Rome reporlod that one of the boxes of the consignment 
sent to that office in duly, 11)15. had not been delivered. .Steps taken 
to have the box tracet] were unsuccessful. 

Wherever possible the Institution has, as formerly in the case of 
lost consignments, procured duplicate copies of the ptiblications con¬ 
tained in the above-mentioned boxe.'^ 

The Government publications ofiice at Bulaq—which nets os the 
Egyptian Exchange ageney—has kindly taken charge until the close 
of till* war of a box addressei] to the dewiflli Agricultural Experi¬ 
ment Station, Haifa, Palestine, which was detained at Alexandria. 
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I uiu |>lcnJi«(l to siata that the four huiiod held ul Hitlna, Hriusil, 
to which rvfereiiice was made in the 1915 report, have been released 
imd forwardetl to the Government printing works at Pretoria, 

Reference has previously been made to the custom of the Govern- 
tnent of India to refer requests from estabUshments in this country 
for Indian official documents to the exchange service for indorse- 
menL The director of the Government Press at Cairo has requested 
that the Institution take similar action on applications for Egyptian 
official publications. This request has been granted. 

Of the 1^17 boxes used in farwaiding exchanges to foreign agen¬ 
cies for distribution during 1017, ITO contained full sets of United 
.States official documents for authorised depositories, and 1,047 were 
filled with departmental and other publications fnr depositaries of 
partial sets and for miseellaneoua correspondents. The number of 
boxes sent to each foreign country and the dates of truiLsmieaion ore 
shoa’n in the following table: 

f'otuiffnmtfiU of richomjrt for forftnn roKDirfr*. 


1 

CiimttiT. 1 

Xiiffliw 

Gf banM. 

AfgefiiifiL ... ....m...^.^ 

■tl 

BArbw^gf . .. ... — 

X 

. .1,^—1,.... T 

2 , 

+ _ 4 > 


PTltlAh = 3 = ... 

n 

BfltLih (I'ldHiaH. . , 

2 

■rg1a4a% . 

10 

Chile.... ... 

to 

f>l-wi^. .. .1 

» 

Cbkim'bku...,.. ...... 

33 

Cbstii£Lkaii , . - ......k. 

IS 

CullA^^„ . = 

4 ' 

Bmittf k. .X .. = = = .. n ... r r 


EttHil ar,*v,, ,4 V*.. 

4 

Egypt— . . .. 1 • . r r_ 4 - - 

■ 

XtiLttHi....... .. 

m 


4B 

GnsAt Btli^ uttl Ifcknri* .... 

w 

OlW^ i,,.-. ............. ... 

1 

nUAlOBAlft. ... 

3 

HrJtJ_ _............. 

1 

HcqJ [TTBl ......... ....-ti !-'> 4->. •■. 

3 

ljhllfl*.*.x............ .. 

jo| 

Itrly..,* . . — ...i* 4 . - 

VO 

JA >1 ‘ .. 

A 

2msma .. ...... 

M 


PiU of InuHitbiKkiti. 


May ^ IfflT, 

I Attg. 3S, HH6; WlT. 

Ji% as, Sepl, It, NOf. IB, Jan. 15, W, ^ mr. 

Jftly 19, AtV-Sa ^ U. Oct- 1, SffT. 1, H, THK. 

F^^b.T.Aiir.M, mi. 
apt. n, mil mtn 

Sept. aSf Pw. Ills mi5; Wv/b. 17, ttl7. 

Julf SO, 1% liS, I93flc I4p ll^Tr UStf 2mm II 1^17 

BpptB,OflLai,NffT.asiaMi«i 
Jkajf l^otsui, Ner, U. l»l«; Utj 10, lf]7, 

IS , Afff, 13, Jta. IT. lf«. 3D, Ajc. 

25, Dec. ZOIfi; Teb. ll, Uji.y I7,1B|7. 

All*. P, ^pt. SO, ISIB; Jttft, 3, Kar. 12, jfoy ai, l^ir, 
AliI.3,IOI«; A|it.D0,UlT. 

Aug. 1],^ UUl^ Umy IS, 10|7. 

Jtdj 10,Aug. Oct. la, Not. If, Iglc- 2j^ y}, Mv j* MitO 
mi. ' J . 

Dec. I51A 

11, Ort. 0, Nw. 1, ^ 

f t!^7^ Apr, II, tg, itn. 

Abgi 

Atif. 30,^ UMfls ApTr Ap User. 

Sef^^ai, HJv Wl* Feti^ li, IS|T, 

Aat.»,mti Atr^.4^1vi7. 

JulT W, A«t. 3, a. $*pt. U, Ort, 1. a, 
F«b.?p Apr. 11,1017. ' 

Julfd, A,«, 1,,*; JU so. „ 

Autao, wtfi Feh.#, IMay 3t. Wit* 

July 7, An*. M, Nov. Sf. Ifuic J.ft. m, s,„ , ^ 
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Coittiffnmtr.U »! tJwAudpc* for forden ContlnaeO. 


CcriHitfT- 


KansA, ...... T.. ^ --- 

Ubt!^ . ..- 

Mexfcvu .... ^^^ I. . 

7?aUbDrtiuktls^L+^ ^^ ■ - 


^VW 2«feluid.. 


XQrwiir+ 

PknipBj... 

hPfia.P.,.,,* 

Portu^.... 

Qitp a t iftmi . 


Nnralwf 1 
eftitfjiwL j 


.. 

AimmflAp. 


flpiin... .. 

Swnim .. 

grlUerhnd.^,, 

T kirmtuilji ^ . 


Trira4M .P.„..... 

Qnkm cf SofiUli ACiic»x. 
tffBxnij ■ p'...... i+^-p - 

Veofttuthij.. .......*' 

VliTtwiB. ........r...-^^ 

Wi4leni AuBinliA....-- 


Wlndiin^ti iiihI Lh^vM li- 
Ivudf. 


I%te [}f LnmimMdn. 


Atif.». IHS. 

An*,». liifi: ii*3r as. jflir. 

VArm 1117. 

Sept. S3, P«, Hr 111*1 Fob. n* Ukj ir, HlX 
JulJ 7x Atig. 5, fiepL ^'^v. I. tUfi; 1 mi. 3,1PI7. 

Jutjal, Aui.91, &ppt.^ oot. Ifl, ism: Jan. 13^ Fflt. tt, 

Apr. 

JuV»}pAT3fra^Oa-3D*I»etl3^ tftl4Fetl.l3,AlJr.ir^Jot»SI, 
JBI7. 

Auf. SO, HlflC HJl Wl7. 

At)*;-1, Sept. Si. K«Wp Up Ifllflf Jin. M«r* J*. HI?* 

Ail*. Sl\ 1110. 

JuljT »p SepL. IB^ SOT, Lfl^ lll-fc to- 2ff. Jtw* 1117. 

Ail*. Ifl.Sept. SBi K*t. », IBW? lluf. Mar 3^1 «»17 h 
J uly 3ft, An*.», Ch*.», Dat. ll* Wlii 15> Apr. I7,7afie 
Sip 1917. 

Aiir*TplBl7. 

Au*. SPp IBIft Feb- 1ft, IB17- 

jEiirlCip Aa*. a^, oatp up. Dee. isift; Frtm is, Apr. 17, Ji™ 
», 1117. 

Adip 11, sepL SCI, sov. I7p ISI*; UpHar i*. mr. 

Aiiii^ », Sept.SXpXftT. Up Xml Iftr Staj 1. *fll7. 

STpt. Si, Aci*. Bp .Mar. U, Hlfii JaH. *917. 

JijJj Ift, Aot. 3, S3p Sept- Up Oct- ya¥i It M, Dec. IflUi 
Jen, ID, to. Sip Mty ». 1917. 

A0«- SB. 1SI0P ltdy S3p HI?. 

Jidjrft^ Sifrt, japNftTK MhH 19*17- 

Jntjr TTt SepU ia,KoT. ITp Wlft: Jm. 17. Mer. »p 3«o* lA 1917. 

All*. lS^OTl*3fl> Jllfti XaiL 17, to, Mp JaM iai7. 

July SOp Auf. Sdy Oi?t-l7p D«-fl. IKft, 

Jitlj tftp AT]g.3t SI. Sept- Up 0«.9p3fftT. A SI* *>r Feb, 7p 
Apr- II, ln7. 
to iftis- 


t'OHEIIjN' DEPO^ITOHtES OF UXITKIF STATES^ OOV KUN^LEXTAL 

rxXTL'irETSTS. 


Ninety-one seta of iTnited States govemmcntal doeumenta were 
received for distribution to foreign depositoriiHf in aeoordanre with 
troAtA* stipuktions and under ib^ authority of the oongressional 
resolirtions of Mareh 2, 1867, and March 2, 1001. A communication 
vins rc^-eived during the year from the a^lstant secretary to the 
riovernment of India, deparlmGnt of education, stating that the 
ITnited States governmental doctunents sent to his department are 
tnmed over to tlie Imperial Library at Calcutta, and requesting that 
future consigiimcntB be addrea«H:l dirwttly to that library. 

A list of the foreign depositories is given below. Consignments 
for those coimlriefi to which shipments arc yuspiiidod on account of 
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the WJJI* lire being held at the Institution for transmission to the 
various depositories at the elosc of hostilities. 

DEFontTOBiEe or rm. sets. 

ABQESttjra; Mltitwrlo *le Il€iBclen» ExtertofW. Dugwh Aires. 

Aitotiiaija: l.ltirsry ot the Cmwimnwrolth I’arllaiBOTt, Mrllieunic, 

AUBintAi K. K. Sifltlsticjie Zcntral.Komnriraltii. Vlenmi. 

ItAmnc TJniversliilts-BibtletliDk. FrelhorB, (Depwitory ot the antnit Dadty 

of EftilGIL) 

Bavaria ; KISnIatIrhe Hof. und RtaatoBlbilaUiuk, MnnldL 
BETAirv: BihUothfique Kwale. 

BbaxiI-I Dltillolhetti Sflrtemil. Bi» de JAiwtm 

IttR^os Anuas: Uibllotoa tie In ttnlverSIdBcl Nndeual 6s tji Pint*. { Dopoiii- 
tnry ef the Provliiee i>f Boenos Aires. I 
rASAPAt UbTOty of PnrUniaeftt. Otlnwa. 

CiiiiJt; Biblfoteni lid CangrasRti Nndonal, 

ChtXa: Ajoortron^Tittvese l»□bllcnt!oO Eaebimee De^wrtnwnt, Shniiidinl Bunsu 
of PdWilBii Affnlrs, ShnnghnL 
rv>t.nM(UA; Biblletiicn Novkuinl, BOfioM. 

C'OSTA Bica: Ofkjlnn <le I>i*pC«to y CnniB luionuadonfll de PnbUMdoiwa, sijm 
Jose. 

(Tuha; Sccretnrln do KsWilo (A«»nins GHpnnnileo y Canje InternndoEiai), an- 
Ihiiui. 

K«n^:^ns:e BsbliiJtlickfU C<iTwnlmRefL 
Miwuni, I-miilptu 
FiA^ce: BlbUotliSfiue NatSonnlen 

B<?rUn- 

OiJusGow: I-ibnisirtn, IJbrorye diiLK^nw. 

- Bilknotb^n« JiatItmKip, Atlu^na, 

Haiti; Relntlons Port nu PritiCBL 

II [nca^av l Huhefi rluci House of Dclcgat^-av BiiilftiiKsL 
Tfiirhprlal Librnry-, Cnlciatt^ 

Tirgr-ANni ^ntlonnl IJbrojy of Dublin, 

lTAT,Tr BkbUnlpi^ Nnaloanlp VSttoriip Hunso. 

iATAii : Itiiirtiriiil UbnifX of Tolij-o, 

- Ijoiulon SrhcKU of Kconomlcs noil BolItJenI f l>po«e^biirT of 

Ihe t.«nd<vn Totintjr Gonllcn.l 

MAKrrua.v; ProvlUL'InI l41irilF?, 

Meiicti; tufitHulo Blbllo 4 frilft«j, Btbitrili™ Xmelonal, llpxiro. 

NmiEKLA^iH^: Ubniry of tlw Stutos Tlni Harui\ 

NPft' Boith W^lis : Fttbllc lAlbrary of New flmith Wr:I», Bydnej-- 
Kew ZKjHJtiT&: Rf-otml Ampinbly T.inipary. Weblnj^on^ 

NottWAT; tstortbinpotw BIWlothiMf, CbrtatlrtuJa. 

OKTAitia ; LeglrfotKe Library, T*Oroflto* 

FAmiH: rt^fwtolT do la Seine. 

Frau: BIbMutera Liuia, 

I’afirmAL: Blbllotlieoa Uibon. 

I'lCBSiAj KBn1«lldbe Blbllotli^k, BerUn. 

Library of ibe of the Prorlnce of fjurtnv* Ooebee. 

QUETNUi-ii^J Farliaaienlarj Library, BriiPibnTie. 

Bitmta: Imjwrinl Public library, Pelracrutl. 
j^AYO?fT; K^lblsnebe Oeffentllche BlbUothc^lt, Dnwalen. 

^f untj.: SecUoa Aitmlii(jitratlv* du StloM^re duB Aftairva Belgrade* 
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South At!£TitAi.u. ^ l^arklitaieutBrj Library, Atlelabl^". 

Scrrlclo del Iptenuiclomal de rublbiirLones^ OitPrSKi Fncultatlye 

do Ajnchlvertfl, BLbllotecarlc^ y AniuefllogQ^ ALadrld. 

Kungllga BEbUotekOt, SlockholitL 
SwiTZCaitAJib: BEbllotheqiie FM^Se, Berne, 

TASiiATilA: Fiiflla(in?iiur>^ Library, Hoburt. 

Ti:^Einr ; Doparttnebt of PublEc Instnirtlon. ConstDofEni^ple. 

L-sios OF South Afeiua: Stale Libra Pretorln, Tranif^'an]. 

QddfuL dc Cikoje laterDadcKoAl ile PabSEeaeioues, MoatevEdto. 
VotOGUELA; HEtiSEalivii NacEouaE* Caracas. 

Fictoda ; FuhlEc Lilirary, MelbaumB, 

Westein AtmuALiA! PublEc LEEjmrj' af Wes+erii AafFtmTia, Perlli, 
WL'tittemdeko : K^nlffUebe l-tiuUeHbJblEoLhok, Stuttpiri. 

DEPOSITUftlJELg or tTAttlAt liETfl. 

ALRorrA: ProvIneEal Ubrnrj", BtlmontoiL 

Ai 4 ^aix Lowulve: K, MLaJaterluiu fdr Eleasa-Lotlirlageii, StmsiKlparg:. 

BnutiAl do CalonlsEiicl^a y AfjrlrulliiniH Iji Pu^. 

Bftici4|i;ic: ScbAtakominLssEoQ fOr Relch-S- otifj AaawlLrtti^e A'fieaEej^eaboJtrai. 

Columbia: U^gsalatlvo Library, Vtctorla. 

BiMTiaH Guiana: Govermnent S^croioj^'a Oltice, Gwf|£&tiiWiTi, Ilpny*nil*a. 
Bui^OAldA: ^lEnMcr of Forelirri AffaEra^ SoHil 

ColoDlal Secretarj 's OUtce lllecord Bopurtaient of ibp LEbrury), O- 

lembo. 

E11UAUQ8: BEbUoteca Nfteto&al, Qalto, 

Envrr: Hlhllotb&r^ue Kb-giUvlBife, Calrci^ 

Finland : Chanrery ot Gavurttor B^lalngtforfl^ 

Guatemala: Sccrotnry of tJie Govpmme3it+ Guntamrilfl. 

Hamoueo: SeoatskoinTiilsalDn fdr die BeScbfr oiitl Au^i^'Erili^ii AUK^Ec^'nlicIteil, 
GrosahorrocEEche HoPBEbEEotliet, Tlatiostrttlt. 

Bondthas: Secretary of tbo ESUFemtiietit, Teiniel^lpaL 
Jamaica: Colonial Socrotiiry* KEngwuii]. 

Liberia: Pcpftrtrbent of StalOt Monrovia, 

L0TTIEN70 GoVOrTOeut LibraTYi L(JureiM.^> 

Li^ii£CK; Prosdilent of the Senate. 

Ibiovisri: ur: CMef Secretary to tise Govcriiineat of Madras. iMbEic 
Department Madras^. 

Malta: LieutPimnt Governor, Wlette 
Moxtenigoro: MfnlMt&ra dt^ AfTnlrea T^tnio^reis, Ceitoje 
New Bat^NBWiuK: Leglfllatlve Library, FroderlctoiL 
Newfounulano: OrvTonEal ScKiretary, St John'n. 

NtCABAOUA: SuperEnteodente de Arcblvofi Naclonmles, MannKiui., 

^oaTHuftb^T TiciumruiEs: G-Di'enime^rtt IdlTOryp B^iin. 

Nos A SoartA: ProvEacEaE Secretary of Nova Scotia^ HallfAx. 

Panama; Secrctneltt do Rolndoiies EiterEoros, Paaanui. 
pAkiOUAT: Ofldan Gonoral de ftnulgnielon^ AaiLneEoiL 
PfliNCE Em wAim Ihlano: LegiplatEvo LJbRijy, CEiariottetowa, 

BouMANtA! Ai^aiEeiaia HoJnaan, Bncbane**. 

Saltador; Miolifterlo do EelacloaoB EirturlareBi, Sao SaEi-ador. 

Siam : Dopartmeat of Fon73Kii AffaErs, Bao^ok. 

Snunra SETTLEMENTfi: ColonEoE Secrotaryp Singapore 

rNrrcD PaoviNUEfl or AaRA and Ouaif: fwlor Sscrelary to rjovomnioat Alla- 
E^ftbad. 

Vienna: BUtgeranelMter dor Houpl- ami RewEdea^-Staclt 
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INTERPARUAIIENTAIIV EXCHANGE OF OFFICIAL JOURNALS. 


Following is a complete list of the GoTemments to which copies 
of the daily iffiue of the pongressional Record are now sent. The 
recordB for those coutitries to which it is not p^ible to forward 
conaignnieiiLs at present are being held at the Inetitution: 


ArgPntiTif' Rcrmbllc. 
Ao^tmlla. 

Baden. 

Belgium. 

BollTla. 

Brazil. 

Bwmfw Alrw, l*rovltu* 
CiLllBdil. 

CVpatn Bictk. 

Odhn. 

Pmnuirk. 


Frdiice- 
Greftl Britain. 
Greece, 

Gacitcqifllfl. 

Hontltiran. 

Hnngar?, 

ItaTr. 

Llberln. 

X^yw Suuili Wrtlee. 
Xevi' Zeahiml 
t'erii, 

Furlugiiil. 


Pro?Sln. 

QncenBland. 

Roumanln. 

IluBsln. 

Serbia^ 

BpnlD. 

^wltzeriancL 

Tnma^'aal. 

Union of Sotith ..VfriCfl, 
UrugnB>\ 

T^MZuelB. 

Western AiiitrollA. 


LI.ST OF BUREAUS OK AOENCtEK THROUGH EXCtUXOBS 

ARE TRAN KNITTED. 


Tlie following is a list of the bureaus or agencies through which 
exchanges are transmitted; 

htJSEEtK, v\tL France* 

A^dmA, ^Irt PorttlKnU 

AijflfiSTJNi! Ccimlfeiiin PnjtecttJTB ile BlbUotccna Fotmlnreit Simta F# SSO* 
BueiHs^t Alrea^ 

AvniiiA: K. K, Rtatlitlwhe ZontniLKonitnlBKltHi. Vli^nr.' 

PflrtugnL 

Belghl >1! S 4 ?rv|fie Beige defl Echnns^ea riiteniatlnnaiix+ Rue de^ TxiDSB-ChBfiDta 
40 , Bru-^lP^' 

ikvijru: Oflelun Nadnonl de EstadletlCfl* Ln Pui. 

Biuuv: Perk'kn de PemintsiyOes Intonmcloltao, Bitjllptheea KAClntm]^ Rio de 
Janeiro. 

BameM CoLo:*ti»: Crown Agentt for iho Olofitea. Idmrtoit 

Bam All GniATSAt Roj^nl Agiicttltunii and Ckiiniaerclal Socktj., Georgetown, 

BarttMii Ho^fPlTAB: Colonliil ^retary, Belize. 

Bruo^BiA: Irtwtltntlons ftclentSfifiaes de S. M. le Rol de Bnlgnrle. 

CANArr IsLAr^iiRT fipttln- 

CnnJc: Berrielo de Interaiclonalefi. BibUoteeiL i&fadfuini, Rantinge. 

Ciii.’ta: Amerlrtin-Clilri^ PnbWcatioB Eschanee Departmeiitp ^bangbai Bureaa 
of Foreign Affnlra, SbanghaL 

Colouhia; ofielnn de OanJofl Iniemadoiinle* j Rejwrto. BibUoteci Nnetrinai, 
BoiPotA. 

CiWTA Rica: OJklnn de Dcp 6 ftlto y Canjo IiUernaeLonn] de FabUcaclonee, ^^Il 

Jose, 

t^nARTC? Kongellge Danake Vldenskabemes ^Iskab, Copenhagen. 

Boren GuiAifA: SurlfiaamBclio Eolonlale BiblloUieek, ParanuLrltKi. 

Ek^'AiKitEr illnlsteTlo do Relnelom?* Exterlores, QhUol 

T^trt Goeernment Publlt^tlona Office, Printing l>opRnnient* Cairo." 


* Slilpmrtitv idipefldHi OH accOVat oE tbc wAr. 
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F^noe: SpfvJw Frntt^lfl %km Eclifliii:^'^ initTiiatiwinmJc* llO lEin? c?n?ni^We, 
piirisv 

CIe^Hant: Am^Ika'Instltytt Berlin* T/ 

Gmut Bftnritc? ASD iKEiJh^ti: Msanrst Willliani \Vcalis3r A BtTOt< 

Btnmr], Lomlon, 

Gizzjce: BlbMothism^ Natiuofilir, Attuen^,^ 

GKEEffLANDp Till Deutuork. 

GUMiELOUTEf via FVlItICft 

Gi-^ATinjiALA: Instituto Nacloimi da Viir0iia3, Cluat«t«Jiltt, 

GtuxXA, via Fortoiml. 

Haiti: Socreialre d'Btot fles Halation^ Est^rleiirra, Tijrt iiu I'ttiicc, 
Hi>;>^uuiAa: Bibtiotc™ Nudaiinl, Tv'endgal[wi+ 

Hv^ftAaT! Dr^ JdUqb t^klar, Sltmk'lpfll Offli.’L* i>r ^taElMEcs^ Yftd-nlcB SO, liniJii- 
tv&t? 

loxAND, vlft Danmork 

Ittdia: ItKlla Btore Dopnrtincnt, IpcHu Ofllea^ I^ndDn. 

Itat^x : L'fllclo degli Scambi Interna Blblloleea Naslonale Vlttnrlo 

nelo^ Rome, 

Jamaica: lostltiito of Jonmlcnt Klnj^on. 
jArA?c: Imfierlol UbraiT bf Jnprtn, Tokyo. 

Java. yIh KetberlaniisL 

Kokca : Cli^vemiuent Genoralri Keijo* 

LinEfifA! Bureau of ExcbniifiO^r I>epHrtnkeDli of ^tate, ^lonfotlAi 
LotTBEN^ G^varonKmt Library^ lAiureni^*, ^Iot^uue. 

LL-xEMBum, Tin Oettrwiiyf^ 

MAEkAcubCAtt, I'ln Fmne& 

Maheim, Tia Portui^l. 

^ruNTOSEUiJo: lies AITaires l^tranifigreg, CeUnJa.’ 

MQX.VMBrquE, yIh Forru^l 

XttTHeiir.A:^bs: t Bumiu ^klpntlflque CetitrftI N^rliuidalat BlhUutb[&qti& do rOnl' 
reroita* 

Nw Guiitea, Tla Netberlnnda. 

"SrM SoiTTM WAtEo: Pnblk lilbrary of New Bouth Wnlee, Sydut^j-. 

New DoiftifiSoii liiiJpetJin, VVe1Uti£rt<^fi. 

NiCAKAmjA: Mlnleterlo do Belacloiies ExteHores^ Mnnnxca. 

KoiTVAr: Konj^llj^ Norske Fredeiiks Unh'erBlteE BIbUotbeket, Cbrli(tbin|ji„ 
Panama; floorerarla do ftolEclonoB Exlorlorof^. Panfima. 

PAEAnoAT: Sorrldo de Catije IntenmdoiuiL de FubUiia^ltinei^, S^%'lOn CorkNular 
y de ComerdcK Mtnistiprio de Holadoues Eiterlores, Amuielon. 

Pebsia: Boiml of Forelmi MIsaiona of tbo Pre^yterlnn Glinrob, New York CltjK 
PEKir: t>flcLpa do RopartOt E^op6fdto y C-nn|o lotorondoiuiJ do PubIkatolonoXp 
Hlnlatorlo lio Fomelrtb. UittR. 

PcunioAb! ^ervlco do i*amiuiao5i!ff Iiitomicloniil«s. lunpocdSo GofiU ilna Bibbo- 
Ihoeas e An^bJvofl PobUeoft, fJs^bnii^ 

QitxenSLASH: Bur^u of Exdiankes of Intrmbtlotml PublleuttobA^ Cblof See- 
roiory^s Brisbane. 

Houma Nu : AcfidoQiia Romazia„ Buelmreat/ 

HvRaiA: Comniiskiou Rilbso de« I'^Loui^es luleruiiiloiiauA^ Blbllolbaquo Eiu|^ 
riale [-^ubBque. Potroifrui.* 

KAbYAPOR^ ^Hnlaterlo do Rdacloiiei? Ksterlomv J^HlYAtlor. 

^jaaiAt So4:Eb>ii AdmlnJMmtlYe ilu Mlnlxtl^re dos! Affaires Strarwerosp BolKrado.* 
Bum : th'^ocirtiiwait of Forelpn AJTnlrp. Bniid^ok 

1 SbIpULYaU KLip«iuk‘d CA AHOEint of tbe nr, 

GTd,^*—sM tm —0 




"lO axsiuai* rkfokt aaiiiHBoxiAN ivl7> 

SnuTK AusTBiU*: Public Lllimrj' or JJontJi Atistnilla. AdelnMe- 
HfAix: ftcrvldo del Csnibto Intcruucliioal *lc Publlcucloncs, Cuerpo Fucultnil^ft 
de ArfhlvcTOft, miillo 1 «MriMi ^ AiqueAleffiH. Sibil rid. 

£Cv>UiTiUL vln StUwrlnnite; 

f^EirKX l Kongltgn VcwaHknjiS AlEfldcmlcn+ SlockbuUn. 

S'lrRSExiA.nn: Servlet de» Bdiaugies lQtcriui*l«unii. mbUothSque FCi«™le 

OntrolPt ^ ^ w m, 

Stwa: BiiutiI (*r ForeJuii Mlwloiw «T Ihe Prcsbrtcrlaii Chimcb, New \ot1i, 

Takuakia; iiecretnry to Premier. Hohnrt. 

TRibibAD; Itejal Victorle inrtUute of TrtnMml unit TulMf.'ii. Port^f^imln. 
Ti’Hiib. vlo Fninet 

Amrrlcnn Ibnirtl of (^>m^llK^lo^erfl for Piwelsfn UlsblcmB. Btieton’ 
U.-no?i <» Soimi Awca; fiovernment Prlntluif Wort*. PretorlR, Tmimvuul. 
UbUol-at: OflclDii de Cenje ttitfjmBcloiud, Mentcvldea. 

Vkvixiieu; BHdlotee# NbcIoiuiI, CliraebA. 

VitrrouA; PtiMIe I.lbcery of Vlctorlii. MtllioBrne. 

At'sTB.vi.iA: Public IJbniry of Wertem AuKirBlln. Pertli. 

WtfSbWAiro ASP L.i*vvAiift letANOH; ItuiwrlBl tJelMirtBM'nr of AKrlruUttre, Bridne- 

Re-slietlfully aiibmitteil. 

C. W. Snoi^siAKrji, 

Chief Cfrt'kt fHfDfttaiiomt h'xd&ange Sereice. 

Dr, t'HABLts D. WAUxrrr, 

Seeretorg t>f the SraUlviontitn //wfifu/t'em- 

Aneusr 15,1017. 


Appendix 4 . 

REPORT ON THE NATIONAL ZOOUWIC^AL PARK, 

Sir: I hiive the honor to $nbniit tbr follow mg report on iRe opena- 
lioDs of the National Zoological Park for tlie fiscal year ending June 
30,1917^ 

There was allowed by Congru^ in the sundry civil bill the sum of 
$10Q,<X>0 for all expenses^ extiept printing and binding, for which 
$200 additional wiii? gi^antcd. 

Tlie continiird increase fram year to year in the cost of nearly all 
j^upplies u«d nt the park htis bo gi-e^tly enlarged the hills for main¬ 
tenance expenses thpt very little ct>uld be done tbb year in the way 
of permanent improvements on buiklingb? and grounds. The colleo* 
tions have^ nevertbelcss, Ijeen kept in excellent condition and at nearly 
the normal numi>ers^ though much-neednl repairs and alterations^ for 
the comfort and safety of the public, or to impnwe housing mnditioua 
of atilmal^ could not be niailc^ Tlie iiimiljer of s|>ecimens is slightly 
below that for a miml>er of j^ears, but the actual value and scientific 
importance of the collection b probably as great as at any time in the 
history of the park. 

In Octoi>er^ Dr. Frank Baker, for 20 years the superintend¬ 
ent teudered his resignation to take effect Novemlier 1. To c|uote 
from an editorial m the Washington Times of October entitled 
^ The loss of Dr, Baker ^: 

Tlie resl^atloa of Dr. Frank Raker as ffliiierinteUflimt of tlio Ntitiotm^ 
Zoolo^cal Park nurlw the eUise of 20 «f valonblr rterrlcr In Uiat oioncltyH 

A reiiUlnj; of the reiiorts of the E^mlUL'itmlAn lm<tllutioo ahow)? how Tniuih thn 
Zoo Lon? Oua derelopeO titiiJer DcKfLoF Baker, untU It tiow posstHwea one of the 
mosl rnrleO Bad iDtenestin^ eollectltnift of animats of any afflch Snstltniioo to 
the conntJT* 

The avem^ eltis^o does nor bother nhnrtt wm eiei:!iit. na a form of 

Siintlny afternoon eatertainlneiit for clilldreii. But the value of the 

narkt» |i#CEitiilnfr iiwre generaPr Bcliool rhUcIreo of Wnshlnpton 

are aow scot to the Zoo to ohserve the niilmoK they can leam and iiaslml- 
lato much more there In a few vial is ihnn the^ couSd aeenmalnie la woeba of 
geoBranlii(?fl. 

As a pTofei^w of anatomy for 33 yeare at GcjorjfCtown XTnUwsJty* na presi¬ 
dent of the National Association of Amitomlsts, imd aa mu aeilve member of 
half a dtraon other seleullUc Iwdlea, Doctor Raker Iiiik n1?h> atiillai><| note ouMdo 
ids work at tJse Zw>. Hie capacity for work b augpoteil In the ralni announce- 
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72 annual hepokt smitusonjas institution, ittn. 

iDcnt tlmt M lilt ihfi U^H of To niurt retlri) from tlie '/*»>, not to i«lc 

lelEarT', tint bwuniw of Hip furcBBOTi? uf other Dtwtor Bhtiur to one of n 

iiotahle ifToap of (0 he fouiul lu WDshlngtoo whoso rcjwtotloo, to 

ttnrld'WUte, 

ACCESSIONS. 

aif^,—Aiiiiaa\s to Uie miinl*er of 99 wore ])Fescnt(id hy frientlg of 
the park, or placed <»i mdefinito (lerKwit. These indtido many of the 
more common species of the ntitive fniina as well as tsaine especislly 
deiorable aJiimals rarely obtained. 

One of the mi^st notable gifts woa that of five adult Rocky Moun¬ 
tain sheep received from the Canadian Govemnieiit, throu^ Mr, 
,J. B, Ilarkin, cotnniissioner of Dotninion parks. These animals were 
raptured in the Rtxrky MountaiiLs Park near Banff, Allwrta, and 
reached TWhington March 7 in perfect condition. The shipment 
included one S-year-old rnm, a younger mni, and throe ewes. A ewe 
lamb was born on May 27. Two paddocks were opentd together to 
give the sheep sufficient range, and the cshilut Is one of the most 
important now shown by the park. The animals are doing well to 
date and although the wild shwir is one of the species most difficult 
to keep in eastern zoological gardens it is hoped tliat the onimals 
comprising this accession may l»e kept on show for a considerable 
time, Tlie Duke of Bedford made a further pft of four Bedford 
deer, or Manchurian stags, from hb collection at IVoburn Abbey, 
England. The Bedford deer ( f’erru^ jranthrofujffvjt) is one of a large 
group of Old World deer related to the American elk or wapiti, and 
has not heretofore been eshibitecl. The animals received have been 
given a commodiotis yard bordering the creek on the eastern side 
of the park, near the yaks, anc] are doing splendidly in their new 
home. A thrifty fawn was Imni June 14. Mr. Victor .T. Evans, of 
Wasliington, District of Columbia, showed continued interest in the 
exhibit by depositing some desirable Austmliaii tnarsitpialB, including 
two wombats and a naibtaiied wallaliy, lioth new to the collertion. 
Tlie complete list of the donors and gifts is as follows: 

jiii ftma Od.. Wa^hLuf^oiit DlFtiiet Colntfihln. mink, 

atr. and Mm Otrl 43. Ateeloy, Now York City, vervt^t inDnkt>y biid a bi>nn«t 
monkey. 

iHRt Itla WflBhliictojip DlJStrSet of Ctolniuhifi, yi'Uow-nnped pftrroL 

Mr, J. 0. Board r BrIglitwotKl, DIfftrJrt of CiilutnblH, tii» harreil nwU. 

The Duke of Beciford, Wtibnrft Abbey, KliRland, four BnJfoni dpor. 

Mr. C. Bnewsl^r and Dr. F. Kent, Kaplo Tatw, Tciaa, Itiin a hyhrEit 
and olffbt ohE-rtnnt-MlliMl sealed qunWsu 
Mrs. Cl S. Brle^iSs Waakliigton^ Dlatrlet af Qolumblai alligator. 

^tn?- F. Brown, WrtJilitti^jton, D. C,+ wpttfFywbnwk. 

riwitniBi^ter (Jeneml BurlwHin, VYn*t.hSnu;ton, Blirtrlet of OifmiihKti, airipnor. 
>lriM, E. Camlncltr^ T>lNtrirt of nhliifublo, >eHow tiill. 
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OiEULill]!!! Governnbeiil, ilinju^ IIoil J. D. ILirkiUp Zt ftu4^k>' ^VluunlUiii nMwli. 
t*rvt w. Eh CiiBiJi?, Busfv^- lOjitltUtlcfii, HurvaM Unlverelly, 4 Penivkuo wISil 

airu, ChftthaiDi Wii^lnjrtonf IJl3trtc± of Columblap j-^Juw-lijyiUH [Mirrot 
Mr. D. CroTOp Wn^ihhi^oti, Dlntrlet Qaloiniilai bull caciitrlctor uml u murlDe 
ofKKurum. 

Mk JciUa Op DarJIuj^oa, WftahJnaliiinp Dl$tt-lct uf CfllmnblUp H 
Dr. Neil Dearbora^ Ijiurel^ llaryiaiiiJ. Hmitimn ferruU 

IL F. DaalLLLiu, lllcblg^p iilllgiLtoT. 

Dr, W. O. Eiiier^t Waiibliigtoiit Blstrlc-t of QuluinblH^ CmperV Iw^vk, 

Mr. Victor X Evuiiifp Wa^tliluirlaiip District of ColmubLn, nall-lrtileil wallaby 
ami 2 wombats 

air^ E. G. FletchcFp Washlnj^onp District of I'olaaibla, alll^tcr+ 

Mrp SL Fruukp Jr.^ WaHlilnj;ton, Dfatricr of CoNitibla. alliifiitor. 

Mhl \\\ Gn^li, BurbCp Vlnflnia, nlllpiti^l'. 

Mr, M, E. Healur^ Wns.blnKt4>B^ District of CHOlurnbla, uilliaiiat-. 

Mr. Jobn tJe^-^woixJp OKnlacrp ^lastauicbuBcEtSp 10 innllarrla 
Mr. J. J. HoiTman^ WnshLnittoll, District of Culumblu, nincBtur. 

Mret, Katbcrinc Huoter, AVBshlogtub^ Diitrlct of Colamblii, yenow-h-tmiUil 
porrut. 

aSr^ J. W. Jebks, Wa$lilui,^np DLjtrlct of Colambiap Uwd Juy. 

Dr, Guj W. I-atiiniT, HyariSvUk^ latiO, rlog-aaekeO pbcasaat. 

Mr. WlULa LUlycropp WoshlJiiEton, District of Olumblu, 

capnchiOp 

Afr, T, P* Lovorin^t WaBblngrton^ District of Cblurubi^^ 2 cbickoa aoDkeR, n 
black siiake, a suutbem brown snuko, aiul a brown water saukc, 

MIsb Eleanor Marsha lU Waslilaj^tqtii Dijstrkt of Coliunbhip alll^tor. 

^ilr, D. W. May^ Mayaitiic^ Porto HlcOi Moua lidaiui licuarift. 

Mlssfls Marpiret and Lily ^leldabl, Woaiilajfton, West VirftLaiap cnrtiss^iw iiihI 
a rad-yeilow^aad-blac macaw^ 

Mr. X C. Meyer, WoBblnj^cuL, District of Coltunbiap fox 
Sir. Irrln Mlllerp wrund oOlcerp sLeamHblp iV‘OfiAtita4t Norfolk, Vlr^alOv iiTk^ii 
beroa. 

Mr. James Mothoeyp Jr.^ Wnsiiliiktoa, District of Cottimblo, aill^tor. 

Mls$ Nlle^ WsnhJnetoap District of CoInmbioT alll^tor. 

Mr. Will lam H. OitetulUerH Vork* Pennsylvania, alUEator. 

Mra M. A. PJttp WasbliiKtoti, District of CoiumbtUk 51 jrmas pa rra beets, 

Mr* Tp J. PoolOt Waslilnt'ton+ District of ColumbluT 2 sorcecli awlsc 
Miu J, h. Prlmm, Wm^blnelon. District of GolamblJip a Virginia 
Mr. I Aids Rui^er, ElchTnotidp Virginia, Jiloxlcan pumkt, 

Mr. W. E* i^lfordf WaablngtoDp Distil it of CulaiabL(i+ gopher ttirtlo* 

Mr* E* B, Schmldp WaslUnirtuD, District of Colnaiblnt wooilcbtiek- 
Dr. It W. Shufeldt. Washtaetonp District of Columbia, wTiter stuike. 

Miss Pearl ^mltb uud Mr. J* C. Lalnoa. Alcoa, Tennessee, 2 bandoil rutile- 
simbts* 

Dr. Juhn S* Stoarta^ Waaltington, District of ColumblaT bumed grebe. 

Mr. Wilfred SteveDS, Wesley HelgbL^ Dlsirlct of ColumbSa+ SndIgiP bunting. 
MTp Ch il Swibart, Fort Earmnea^, Florida, bpnicd toad. 

Mr, J* B. Toy! Oft t'>iford* Marylnad^ common abunfc 

Mr, HaU Vermillion. WBshlnpton, Dlatrlct uf Columbia, simrrow buwk- 

Mr, Clark Vvrnoa, Wasbliigtoap DlsMct of Columbia^ alligator. 

Mr. J* W. WcBver. Kaslivillet TimnesseOp common sknidL 
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FiitT-two mauimiils \Texe born, and 41 birds w^re batclieci 
during liia va-ar. Tho birtbs include » bcax-s, 1 hipiwpotamus, 8 ml 
deer, 1 Bedford deer, 2 elk, 2 mule deer, 2 Virginia deer, 1 fallow deer, 

1 axis deer, 2 hog deer, 4 barasingba de«r, 8 Japaiiesa deer, 1 black 
buck, 1 vak, 3 hisuii. I liocky Mountain sheep, i iicmdad, 2 gnanacos, 
a Ikiiias, a great i«l kangaroos, 1 wallaroo, 0 coypus, and 1 nionkey. 
The birds hatclml include Canada geese, diieka, Java spari-ows, auil 
l»afowL The hipf> 0 |iotaiuiis b the first one born in the park, and 
otic of very few ever boro hi AniericR, It b a thrifty tuale and has 
liittrsided great ult^ntiocL 

AicAun^fj?.—In exchange for surplus animals the park received 
12 niaiiunals anil 62 hirdsL A drill, a young male sea lion, u jiair 
of scarlet ibises, and tiumcrotis ducks for the Korth American water- 
fowl lake were obtained in tliis manner, aa weU as other species much 
needed to fill In the collection. 

/'uxcAanc*.—Owing to lack of siiflicicnt funds for the purchase of 
animals, luony desirable species grcally iircdetl in the collection, 
and offeml from time to time, could not be obtained. A total of 
26 maumala, 23 birds, and 22 reptiles were received through pur¬ 
chase, mtstly small nati™ species at low coat. 

7'raHJtferis \—Four eik were received from Yellowstone Park 
through the Department of the Jtiterior. Imt only two reached Wash¬ 
ington in good condition and were saved. There were shipjjcd east 
with a carload of elk for the Suite of Viridnia, and were obtained 
with the idea of introducing new hlooil In the herd maintained at 
the park. The Biological Survey, of the Department of Agriculture, 

1 nitisfcrrcd to the jmrk certain North American manmiuis, including 
u mountain lion from .Vrizona, a diiaky marmot from New Mexico, 
and flouie uiouTituin beavers from Washington, 

Captured in tAe parL —One bird and one reptile captured witiiin 
the boundaries of the park, were added to the collection, 

/Jfpasiied^—liou. It. M. Barnes, of Lacon, Illinois, sent to the park 
ns B loan a male of t]ie almosrt extinct tninipcter swan, one of the 
fine^ Hpeciea of North Americtiti waterfowl. The park owned a single 
female of this rare swan and efforts are now' being made to mate 
these surviving birds and preserve the species from extinction. The 
I wo swans ore quartered, in nn ideal place, and although they were 
apparently placed togetlHT too late to breed this senson, hopes are 
cntertainwl that by nest spring they will be siifBciently familiar with 
iheir surrouudingB to neid, A niuiiber of fur-bearing animals from 
the Bureau of Biological Survey, Departiiient of Agriculture, and 
some rhesus monkeys from the Hygienic Laboratory were received 
oh temporary deposit. 
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Surplus birds aud nmmnuiJs to number of 51 wero exchfuiged to 
other zoological gardcnis, ftutl 62 aninials on deposit were returned to 
the Bureau of Biological Survey^ Department of Agi-icnltuie, and 
to the liygicDie Ijaborfliory. A number of sj>eclinens of native 
sijecies were libentteil ill the Park and dropped fioiii Mae liJSt of ani¬ 
mals in the coll ret ion. 

Tbo number of aiiiniub lost by death h comparaJively small, but 
some Jmporlanl and V[ilimble animals are included in the list. The 
death of Dunk« the Indian elephant^ was the uioi^ notable los^ Dunk 
wiis the first animal to he placed in the Zoological Park when tho 
present site wiiij occupied. He was prc-^nted to the park by Mi% 
James E. Cooper, proprietor of the Adam Forcpaiigh Show'^^ April 
30* and was then about Sn years ohL ()\'cr 50 years of age at 
the time of his death, Dunk had reached tlie average limit for animals 
of hUi kind* for contrary to coiumon belief the longevity of the ele¬ 
phant is not great in proportion to tho size of the beaut. Others of 
tho more serious losses were a largo tTaJapagos tortoise {Te^tad^ 
6pkippiii7ii)^ Februan* Sl^from enteritis; the harpy eagle {Thrfmil'- 
to8 karp^ia) April froju oapergUlosis; and a female Manchurian 
tiger which was mercifully killed as unfit for exhibition iJuno 20. 
The Galapagos Lortoise, Tvith others of his kind, had been in the coh 
lection since October 1, 1898, The record for tha harpy eagle is a 
matter of pride for tiie keepers in the bird dcpartmetiti for this rare 
bird of prey bad been kept in good health for nearly IS years. He 
was received May 19, 1SI>9, os a gift from the governor of tho State 
of Amazonas^ Brazil, through Commander C. C, U'odd^ United States* 
Kav^:. It Ls believed that the species has never before bet^ti kept in 
any gardens for a similar period. 

Poet^mortem examinations were madet 05 usual, by tho pathological 
division of the Buroau of Animal Industry. United States Depart¬ 
ment of Agricuiture. ITie following list shows the caujse of death of 
animals in each genend group. It is believed that tlie publication of 
such lists isj to be encouraged, as they arc of undoubted value to 
gardens fortunately provided for up-to-date pathological inves¬ 
tigations 

CAirStLH OF death* 

MAMUAUi. 

PrliiDDEea: QBatrlUn* 1; enter]tli*, 3: ipiotroenterltla, 3; ao caai% found, 1. 
Cnmfcvorfl: EntcrUli^, 3; gastroeatcrltfa, 7; nmlnatrltloo^ 1: nnrmEa, 1; iwrl- 
t; Ititeniiil hemurrlm^f L 

rcunilatcA: EotedltHp 3: j^utraeatermiA, 1; pneaiaonltt, 3; eonae^tlnpii of 
1 ; lulwrcukk^b^, : ai\^iuiiL^ 1; rertmaLti^ 1; dihtd^ of Jaw', 3 t cticliexUi, 11 
uuiluutrtiinn, i. 

lUkkuiitHi EotorltlK^ 1; tubereulDtiLs. 2% aiiemlH, L 

ilarKUDSuldi EuieriUa r ueaaiotiLiiH 1; I, 
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mm^r 

rn*9*‘‘rlfortn«lt Ent-prJila, 1. 

A^perg'HlosISp 1 ^ nn muse founclp :L 

{'iiciiHforti}i%^: QuiftrcHL-utqrltlSp 1; inu-nial l^iL^cnorrliii^, 1; cnme- uai roui^l^ Vi* 
EntiiirLllHp 2; tabercrulqsKSp 3^ pueuniunliip !L 
t:ruironm%: Tnltc^roukifil^ 2. 

UjiiUfEkniie^; EiirpHtts^ H; imstTwnterltEf^ 2; QiiaU 22» 

FAlPjnlfeirme?: l^iiti^rUls, ij m^wr^lStialSp 3' uit rftti«e Intinil, 

AttaertUrut^* EnttfJrUla» 2; tub^rcnloalap 4 ; pii^tiimkeilu, l; fl.^ttK^r^UInFilBp 2- nn 

muse focuvJ, 3^ 

ClmnllfonTws: Kciteritts^ 5 s apemia* 1 ; Intf^Dpl lieEa^irLa^ep i; flbmma yf Jn- 

testlnes, I. 

C^»ljTiiliifomie&; Ser^lceBiJftt 1* 

ftElTTl^. 

Tastadloatfl : Enteritis, I. 

Lorlcfltn; Ko couse fonnii^ J. 

Ser[ioDlcs: Entcrltbv l: Intestinal neeroaliip 1; dd cntise fcmndp 
Thirty-thrro of the animals lost by donth ^ere transferred U% the 
Xatipaa] Jfuseiim for uioiurtin^, The^e iiichided all the riir^>r s|>eL*i- 
tikens or those of special scientific iinportnikre. 

ANIHAI.15 IX THE C0bL^:CTI03^ irXE SO, 3DJT. 


5LVMMALS. 


KASHITPliyiJ- 

KUflae cipcMaun iMurmen _ 

Tlrdota iKpo-mw tnifb-ijishi# rtrpi^- 

T^iULADiaii ilevU |,Sanw|?lill4u hnr- 

rtfO ^—__- 

PhjilBiiEnT 

iliukj pluloiixer (TritAanFiii 

44QilU) __, . ._ 

Nflll-taJlnl Wllktr (OKjrchOfm^ frt- 
Hfllal _______ 


t 


Jwk kiuijfz^rbi> ■( 

Glrat m^V Qi- 

______ 

Hh| tugartM* iMaentput 

mliabjr voto- 

___ 

p*.tma wmllftbr parwaj^^ 

^biatHit (Mii»rorom^* _ 

ICSlUbI hfflr irniPff HtkTrfrirrfer^) _ 
AlaiAa l\>fltiLfli|lA brar < etfiM)w. 

YakatAE: bwr ddiJfO..^,_ 

Mddor'a bwi- (FrrtA SHddrHj.. - . ., 

[i^brld bmr C^mi kidd^ri-iifvttnH— 
EDmpwi bCM {tJriiu 
tlbnali^da iMir {Uf*n* ikihr^sm-uMl — 
bear ({7 pth» 

^Irlcilj b^r tl7naj hcrHblltJ | 

Ulatk Iwnr iL^rvUi OAiirHrusaiJ__ 


eJLUf IV 1] t lat] nl, 

Kcflal blAek IhBtr iVruK* owrrlfWBBJ 

perKigiTi ——_ 

daiuLiit^D titsAr term# .uirHniflM 
CtMMIIIHAHIff m) __^ „ . _ _ _ 

sltitb iwar (irriii»M ifraiiitt*>^___,_ 
Polar bear iTkaUrrto3 afifriir*nii^__ 

l^linq dog /aiailiiirii)_ 

Gr*/ iwolf {CmJ* fliiWl*fj____ 

Soutiiem woJt Asridainiir) 

Wc^dbotiiwA »ftlf iVmU rru*tfur] 

Coyote iCi'oaCf lafnfMl__ 

tt«l foi 

Swift fox iral|Ki _ 

Gray foi (C)>«>rt^n otflmiiOiurj^rnliu,;^. 
Cflcocniitl^ I Hoitoi-ltipp# 

|lat\4»oti (J¥cH^oa io#oT^ _, 

a raj coatliQiifidl iXs4U» maHr^lZ _ 

KitiNM fPpfnJ _ 

Ferret (JlHiiiifo ___ 

^knh Hmm)_ 

T#rni iTupra borbopfl)__ 

Skunk afEmiJ___ 

AniMirab liadpT (T-ruiiirq 
IClirOb»Q fAfrJri mfii‘t}__S___ 

Florida oltrr {Latra mnoffriMi* roffq), 

Afriemo eWirt cfrrff«>^_ 

iivtift Wtn^iia jjfUrtfo),.._ 

Spotted'bjeu f£7p»v|«i 

Afrlrao ^bfirtafa (AoiooRi^ /Mbatiip>_ 

Una (FrJf* _ 

^aMlIlaiiri! UoEi (Feltg (co iwitdllrfMifAl 
neural tJgrr iPelU ttjfrtJ | ^ 


^Nlar lorUfwti. whIJo appaurntlj tcaltajp died puddciilj iJipr 1-K. 

jiatbolOfiAN hM-va tbus far bfxu unatitr to tad tbr i!iaH+ 
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« am ma w— cotitinw(?J. 


4!4R?CTTCm4—rapttaii^Hi. 


UhorburlBD tijvr iPeiiM EaRirs- 

pUit} -- 1 

Iji^opRrti iFHli jHmltftf)_L! 

h'Mat Afrh^AH rPr^ii 

RUffAeJinz) ___ -- 1 

JafdRr uRpdJ 1 

pUlUM iFcHf . . w 

Mi^dDialD IlH^b <#Vli4 kipjHilfi m f_ 4 

raaflda 3ji3x 4Xvu c^nademMi*} 3 

Eij Umi nilTwil-,— ^ 

f'RlIfortila Ijdx {Lvnr cOJIfaf^fni I 


rE!fkri-BPiA. 

r'ltlLfordld Wfiik llJsa 

RfRUHlI S 

J^lriler^K im Untt I £'■■1^1 nj?EiM /abajd)- I 

liRrWi- H«t iPkfM-a - S 

RApEJrtlX 

t^lnjpodian mry {pnrdjm^^ 

frai___E 

F«iivlR4i EuLan Cf^kMAtl^ 

|H»CT4ji^^r) _ a 

Ciutnu pSff (Curia f»rHflii#l__ SO 

Cdjrpu (iTv^KWilor t 

1 flLfiJijrprvC^d pnf-j-leano J 

Axan^fl ngOatl (DH^prc^fE afvral_ 2 

rrmtcd lEUdtl <Dt£#^wfR ^ritNid>_ 4 

l*Mc» iCrn^OmiuM pufrtj-^-—2 

VIr^cM (XripaAloqu Hulmiijk__ 1 

CfTii1f4 porrcLpEDR I 

Mi>ablatl] braTrr (ApItMloHrCd rii^a>___ 2 

Woodctaiick iifarnofa iii 0 f( 9 #l ____ 1 

Pdifty TQRmiDE (JfEfnora Jtarivrwiw^ 

_J 

Fralrle ((JvnoiiiEff lutfwicigHii#)_ 2 

e^trlped apcrmaphLER (Ol^-efliu 

flivrd[liipr> ^^^_____^_ I 

a^rre] tamflunufa > ^ I 

Aiq^rlr^n ^trr (Cufer conacfratiji}^ 2 

PAOOUOlLFlLL 

iHkteirclli^ irSrpi^l^pfapif# rwalirv- 


Hje?ctata, 

iiRir/ annadllla rvrla j rilfaiHf) ^ 2 

irlUliAllUt. 

MiiPifp^ Irmur ^Lrmwr t 

Klack tunTir (IiCMHr «iaL«zrak-^-^--> 1 

Tld Ql>nlu^Jr iifoimifi aria#™?,- ± 

Gnjf pp]4«T mcMik£^ (^iel^i pvPfToiHI- I 

'ni'i»lt€<-iJirD4t#4 cmpuebia <»- 

p-MPiRB#) 2 

Brown mpurhln (CTrkpa /alprl/aa^_ 1 

Cruln«a tmlMHab ii*d^ ptfpio) „_«„«- i 

niarma Eflopiv punrftriajl1 


TmMXfT ^—MmtJatiMr 

YbIIow baboon iPopho r^uprr|i>kafirj1l._ 1 

llauuLilrjax Eiabooa ( P&pkf k a m ailJ _ 2 

Ujlbilrfll IPffpio jpfria^) I 

DrIJI (Popio hnt'bpKtna} _ _ _ I 

^our auraqiir (PpMup/Ekrcot nduriprfji- i 

Urowa mjiraqiir {Jfi^ni aiM^kiOasI^.. 2 

Jaipuieso inaak^j |Jlocdi4 ^uaeofa? _ 2 

luonkojr (tfiiracO Hcaiia- 

RMnWp tnObk^J' (kfitcMro 23 

Bonnat DKiiskrj {JfcMura #iKfca>_^»- 2 

Javan nMHamuf: uyorani otordiwj^.,^ 1 

ISOOtjr manEaUaj (Crmctkiw /vllipl^ 

noaiiB) _ _ 2 

tuition iL<4iopi(fU raiiir#S£LApa}, i 

Yemt EnEELDD (Xdoli^pa PKtfrrv^ 

Mafia (Luaiopi^^ zManp). a 
Jbulawar fwnna fXiiaiapj^ roiowop)- 1 

Patai EHOnk^y (JGnffkrwbiia pofat^^ S 

CblupoELiM fPoH frQc^rodyrr«?-i„,w_ I 


AHnoei'ACTTLA. 


CoTlarrfl pci-rtirj (Pr«r«t itPi?ipiniii*!|i ^ 1 

Wllil towr i&HM irra/a?___I 

Wart bofl (pkarorkanu LFCkfojrtai^_ 2 

ItlppopOiatBiai (//ippppfjlim iM ampklA- 

litf) ■ ___3 

iLArtrlan raiprl kuefrinbiia) _ 2 

AJUlilaa, rHtnrI (Cooi^lav drp'iariio- 

rfaaV _ 2 

Gnanani I LoMa kpcuiRrka# | _ 5 

Ltaina (Loitid piortO) __ 8 

Alpaca (Xoiiiii pdccal_ _ _ ^ 

VtcoM (Loikit i:irapn 0 ?_ t 

Fallow dwr (Daiao ifoBiolT 

All* firar <Arl# axisy _ 

HojT ilwr |Fp«£aphni ^omHi»>_^._ f 

^actth«r aaicoior?__ 2 

IdOTon dMT (JTwm pk ilippla bj 1 _ l 

BaroalagbA tfardaocfil)_u 

Japatirar dorr (^Ika Hlp|ran^_ _ P 

Rwl d«r iCrrrai fEopkii#|^„,„._^^ IB 

l^aaliwlr 4«‘r f<74rr*M 5 

rUMlfofrl tor (€Ek#raa rOH;Ekopj/)p!iti)„. 5 

Anrrima rik iCrrru* oarfOiirk<i{a> _ IJ 

ViJTinUi, t]4tr (Cidprollrwa riFuIttlaRH#?. I 2 

Mnlt drtP lOdO^Iciit hrM Im aj^ 4 

BtUfk^ailrd dr#r iOJorolfcaf eofnoibir 

•aaiV--- B 

Blcabok ^ |>a Mollvnii oiWfnMuS I 

WlLllo-talled sno i4?oaiiork4[fet pna)^ t 

ElofkHa witfrr-hntlt iAokaa rir/taaM^- 1 

tmllan aatrloiw (AliHfopr orn^k^jird}. Q 

SprldEtiok (Afllkforw oiariHpfolit 

—__ I 

Embla ostokipfl! COodflaa wlprr)^._ _ 1 

NlIjnJ i£Eotrlppka« <P"apt3€OBielMjE 
Cc^kko bAidrffOfd antrlopo |r#Vprif4- 
pkaJ jFrvtiLr)i ■ 1 
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HKPOKT I STlTtlTiON^ \9Vl. 

M Ajj iicoil I in m.iL 


JLKTtUtUlZift 1^ — #M(llll|lX!rtl. 


TflAift Aftii^n elimd 4 

W_ 8 

Tkhr /fwa*J— - —— 4 

Aoudad (A — 0 

I'EreAMlAD fut {CaprtM if 

XoyDt^ln ihMp |Ort# ^anidrn- 

— ---- “ft 

Itiu-iMdDi tOpftf crriral--.^. - H 

/.rtm ludiAH)_ ^ 

Aqim (AflOil (I^iprrarfi^ot^ltJ -^ I 

Vflk 4 

Ami'rknn lilHu (iUlvn biMfril-,, — . lei 


rU ta9€fUA cn 


BrA^tllAti tapir (TaiHrii^ 4 

ModjioUbh h^tK pm:ic4faAiO_ 1 

cjmit'i i£t»rm l#4i(fttbvri:;Ae|f|praalil. 1 

csrotjf'a O^ciHiif prEii.'pn^_ '* 

^hra tone, bjbrlEl 

__ 1 

y^bTA li^bria l£faiu» 

uaiiiaHl _ I 

riaifi^HcllibL, 

AlijiBlulaD ifli^plkaci iLojtnittm,io u/ri 

rdJia _- - t 




UTTTA, 

^iktb A^rlrAn tHitrlilt dut' 

—--4 

}^uiaJiiliDd i>fltrl?b tAfmffcio 

1LIil 4 ^JEAra flmiTfcqaa > ,. _,, , ^ 

<''aKri«>warj ij.^a#H0r{HJ p«il«af4ff> 1 

KIpU iDr^n^mtirit tn^r^AflmJia^> __i! 

cttviitirotaMm 

Amcrlnan w^blirr pcllcati iP.rTi'rtfNMi 

iprv^AftrApncAo#!_ 9 

Eut^i^AD wblitn p«il».D iP^I'Hviaa# 

omorcnio^uw}- _ 2 

R4>i«^tP ptltcmp (/Vl^riMiu 2 

AajtrnllHa iH^lS^a (FrIWJiMt c^Uffjafc- 

firffrui __ 2 

hnwni pcilcu (Pcl^f«au OH^d<Pfl Iditfe') - 3 

PlArliU MmoTatir <FAalib^iHeru da- 

rtfg j IfdHdJaim jl.- ICi 

WbKtr^DHfcpd bcroa (Antfra »c«i)_. 1 

llrmt U\^e E4ndM AirodldJl__ 1 

saow? cffm fBfi'ttlflt a 

fjnwd b?TdD iflalpfidM rtir^cTAa) I 

Bli Dlebl berf^a {.V#c^lir«ri» 

mjfidirOFB^ 14 

BDdtbni ICsfAiftfHuj MfA l^ariail _ 2 

it&rfc (<?4coat* Hiiiwild)__ R 

IHact atvrh I 

Uanbcu atarb iLtptopiUoM dablai)^^ 1 
l^rned Ibla (TAmilfimila ^ 

Whip*. Lbla (eluant It 

lecurlrt ibli l(?iij|i'd rwAmcil__ 2 

KA^fnlv ipiMhablll ijd/ffltf «/didl_* 2 

Enrpp^nt] (Uimlnva {FAvitfnprrrrfi 
ramal _ I 

|iEir1i-bM[^ VKmmrT iOfi^omo iOTr 

^airrfii—__ S 

llarnnj ■rrr'-itnii^r l-AiiAliffa fan4M|d]h__ ^ 

Hitklard pin fi^rA|t«rAejjil,. ^_ 10 

l-^Kt lEidlaa felarh ilurk (4 dot plaJj# 

rAprtrAav 14 

fiLa-cb ilEtek {Ams % 


A?{'aBmtP 04 Hf A—l-qh tlaaiid. 

EiiriBpFdd ttldfiiem {Mor^.eo p^ncUjpeX- 1 
HaMpal* aMirrfnliMl)_0 


CSri^a-wldRcd Ull {SrUion oarv- 

IHanu^ ^___ __ ] I 

Blu^vlaeed h'Al (Ow^^^aedHla ifl#^ 
00fi> ________ g 


Ruildj Bhtltlnkt IFMana /friTHptMnil 1 

PLatay (fitf/iro dcatd ^ 

WnMSd Ottc-k apuaiOK^^_ 

^raodBrla dm-k Wtm^roUwMut ^rrtem- 

Idta^ __~ —_^ 

Caavma'bn^ IJtfxrHIii t>fl|^ifKrrfq|.^__ | 

H^aMr Masp ddtk {IfoKld afitmitl _ Q 

Boal-blllpd iwcluiTd m^r/^pidHii ^o. 

-__ 1 

Snow fWH IC^Arn A|fpir3^4«^v#|__ 3 

giotm li7%n« _ ^ 

1SMI« _t 

Whlte-froHtad fnw (Ajurr 4 

AAtrlffiO white-I’rnaifd idomj (Aturr 

iiJbifii> 4 iJf tidiwhiJjl_____ j 

TodlQUK PWB# (dPIHT CfnmUt AA^ 

iMairiFUA>____ *¥ 

Bar-hMuHsl goom UaHtr hnHriaJ^ZI ^ 

gOooe canoAtnMi*}_ _ 

riDtcblni'i EdOBF (Brajiro 

hmUhiiuH) -* 

€n>FbklDff cow t^foatd fimaiffRilj 

_ g 

Banmde igoom^ {flraafd f«i«?vjirtp> „„ j 

t-plibd RHHfl fCblaiFpiiQtfffirPfrfjpfrrdl^ i 

^l?yr-wlDE<HJ jrwHuj 

btM^y --- 1 

Cap€- Barren idOffc tC^e^pnii a^fwAol- 

lp44wrK__ -2 

Wandering Ip» dd«k fBmdwvfrad dr^ 

niftfd)-* _____ 2 

^li^^raerd trw 4a<i I Dpiiifrticpcrab 
Nduofo) — 7 ^ 
Ktick-briilH] tr« dock iDmArtevffho 

OalumaiiJIf) _ 1 

Mute Kwab (CJtmaa fiiWaa^w,_ j 

WhlptlHaRi iTwaa {Otor «»< 1 aia«({rni(f)_I 4 

Tfiiiatwltfr a wan {Olor fewfl^adfdrK^ 2 

niark iwaa ir^raopiC^ jj 
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coil till lied. 


r^LCONiraaKwi. 


SaHth AiarJrlcTia rtOtler {Yuliar ^■ 

^Mll-- -- - t 

L^llfurnU i-^clor i 

wlCrtiwiJ - -. , ■ , --—-- 3 

Tortlt'J rultUJT OtfTBS^^^- 4 

ItlArk vi4ttirp urufru 1 * 

Ikltig taltanf i:^martimphu* ppfioi— i! 

^e'£Uj 7 bJfil If'tiLKfluHiM pfrpMffl 

mfu^) -— - - 1 

OritfciQ TUlttjne tut^i /Mfru*)-,- 2 

C^Lni^ntufi Taltnn? m^nr^ 

Idralurr^^^nr i^^p^iU4 1 

Camcani cA^nfi&firjf^-^- - S 

Vi^llHJW4tfu*tMl ciutinirft 

lifer) ___- --- t 

Crawiiu4 Mivk {JSpi^aflu# eviOr 

1 

Vrfdp:v-tDl\iiii ([Zrvof nrt ccyifiir) - - 2 

iiiblji-h (44-4^4 i!fcrvJHsJftij|- 'i 

llfllfj (^/^rff^^^^rtJi frgf;4<epAfllWJ>_ in 

AJojiktui tifliTil PQtrlc (^ffll^rcfi«t fruc.'^- 

prJg^Afvii | 

sparrow t 


aALi.irciiiMibi. 


^frElriH ^crriiiiipw iCmr plnfrlcrra)2 
OanbnitDa*^i mra^Btioir (Cru dan ben- 

fqnll... __. _ ^__ S 

^‘lld taekejr pallopai'o)„^ fl 

Pcar&iTl iPdPp 3j| 

FMPOtk pluu^jQt (Pfllif|ilec#fiwi M«il- 
(»reftiJii)- ] 

SIItbt pbeas^C |jrMpiiip4*ii*# ffjivllif- 

fMriMlj_ 1 

r^Ei-cPlIa IFmpiroNjH# nuilalm- 

riffk- _ I 

CwttK] frae^lii] irmhmnnki «rj3ib- 

iFtts) ^-^__- I 

041*4^4^ craitf>d ^Uall < E^Hptpe4l4rfv' 

flridfDfira)__ ;r 

|(7i'iifinur ft 

Scal^tl quad CCafllpE>^|jl4 Ji^0np2d>,,_ 7 

liupbpri qoAJI 1 

Vnllaar qaall (^ophPrlj^ rali^omfi-’a 

ealffmlul^__ 1 

atal.iircraMlL 

AnwrJmii ca«l IFhEIm 22 

Wb[^vpja« «iin» (Or*^ p#nfrf«w4)^^, 1 

?aDdtalll crane (Oriff wrefecRQ )^ 
Whlte-n#ckfd crUHS ffirpi lepnaeAeA)^ 3 

[ndifth wblta mibc lOnv friflH^biera. 

»bj3_*..__. I 

OlfnrfPa cfji*« ftfrwi — S 

Aiutralljia crane (fi^nr# rvbfraa^al . 1 

Drinqbcllc crane |4nlArapQ|dctf 7 


enn iroBiiBn—rostlQUbd, 

crane illofraHK pacMifad]- S 
Cariama (crdrtepfp #i^fafd)..—1 

ociLaLfrai rOa jfnJL 
Ortfli btact-bAckfd^ end (I>4niu 

AN#) —. ...... I 

llffrin^ fuU f J^orur ar^^lcila#)__ 1 

Lauifblne gall d^aru 2 

Aujitmllaa crested pigeon C^cvpAiapc 

I^pWt*} -— -j- 14 

Wonga-woQfa plficon i LfustMQrvii$ 

pfijpfd). .-■■■. __-_ 1^^ 

f^piK^tlHl piseea ICdFwnbd pbtfvnafa) I 

^now pigeon fC^olaMbd IcacoMSfa)_^ 2 

^I'taJt^E^tuariwd pl^v^a i/\ifirip*tii[i# 

lEaud - tfliled pLjccoD [PAIorzfldif tot- 

Hfffaj ^ ---- 4 

Ilnl-bllleil pLi^n WhUfFtmof 

Iriii 4 

iTilklte-wlnfed doT? Ud'clopclfa 

HCd) 1 

^tonrnlng doce ^OcMotdura ifiocnpHivl - 10 

IVitcrfal dovv {0a>fcl£a fraa^tfia>. 

Kebra dove {Oc«pclln J'fHcifQ h - - -*- lo 

Cnpo FbaJiket) dbire (IEm napculi)-3 

Zaca dave titfCdrd'4/tilfa ZdCtf) --3 

Idue-hesded qnail-davia *( filsr]iaa4ltf 

l^EUlfHMpAdXp) -,___ 

iDd-IlditHl tbctiu-duvif f^^frrpl^cfiq 
Hitorfpy___—-20 

nrcrtiroKVFn. 

WMf4-cre«tHl tpyracp (faracw# dflm- 

f!l4iLt) 1 

linuMp parmfcccl llfcloptilfaciu fl»T 

tfsi4J»al __ S 

illack > tailed partakcet iPmprcHji 

mclanarS-l ____ I 

Banded pumlcBeE |.F4l^P^ip fqn- 

LcW4r sfaB* piirm {f^araijaprl# q4^). 1 

parrot IPrlltaraJ CFlfAacael-.^. 1 
^EitttD iparrot i4fPi-4£4H0 Icacoccpbola) _ 1 

putio Itlran tiacrot |4Md#oHarfifitftt>- i 
Vrilovc'vlnced parrot lAnacoHo bar- 

bH|4J'ci4Jli;a>_ " 

P^tlve paTmi (4iniir»atf fOiffrdl^^^ 3 
Yeltaw-fronted parrot (AmubBa 

ro(^Aaftf I ,..., 2 

YellDW-Dipcd parrot (AntLpE^a d«reK- 
paUlqfal 2 

Tfllbw-hsided parrot (4inaffOJU ora- 


frlry__^__^^----- 4 

Qtukcr pnrtal; (ifpfopiifta pioflOnHHy . 1 

I ted-and 4k tiw macew (Arn ebJorOp- 

rert)..*.. _____ '* 

ft«l-iind-jtllqw^aad-tilat macnv (4 ra 

p*a«in> .. _____ 7 

Tellow-and-bitUA) M»w (4np pnira- 
H na) -- . _. -- I 
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Bttlplmr-rfrtitfiJ «KhBtw3 

pvJnildl -- 5 

Kd-cratEd c^rlliilfrO 

_-_-- 1 

IVhlE^'^ nhi'kAtOO ^ 

L#adt>€«1eT'a cOcbllOO *^3^*- 

^rrrl)-- —-—— 1 

<twlaUM> iCtttntart ffm- 

wpU^ ---^ 

coL'katw ic^rtpofufi nwrk4^ 
|riHd>____ 12 

rhfwvlcpUiQinf *}^-.-^—- 1 

rodUCITFiWfU- 

l^llint klogfiilipr (Z^sAfJ'o ^ 

Ct^CiTF-flMpqU^ bdRilsiU 

- _____ 1 

Hjirml qirl (St^ ^ 

KexM^li qwi lOfm oirtoK-^— —- - --- -^ I 

liqfiinJ 0wl rinFfqhinM). 14 


rjL^smrvjuiEK, 

Tflllqw trnkat 

dfHt) _______-____________ 1 

SmpaSitv- town IWqffcrt# riiJrti*]i_^.—. 4 

XaniUap tbnub ^Oqrnpld/ 

pJbiu)_-_*___ 2 

^i|)€felji£blf^ jNil>flofrQi|_- 1 

UrqwT] tbrqfebf'r |Tbtf««rrw» ] 

AdjIjilIIed WtmS Inrapf'r In tli y!m. 

c4ftfrva J _-_ 1 

Aid-billj^ Difil^lf!^ (CfraeCiia «fvljri- 


Gqpb«r tortolH « 74 i)iftmiii pqf^^^f>- 

[>Tui£flii Ziluid tortotw (TfAtHdo rfiJhip-r 

pSmmi - ____ 1 

lllqikl Itirtqlkf ^t^a$m4u 
i*4ciii4> .w.....^...1 
AllI^tDr MFIlijTvtqr m i««il49i.p^kaui*> _ AO 
Mqpe [alukJ JnunjL (■^Jfffftara 

pn-H ---^-- 1 

GUa SiQaAlEE T 


1-4 RCnirQRH EA^-«4btltiaed, 
ARuerinfi eiijpie (P4cii pfcp httdmA- 

AlTKTlmi iiFOW {CiirruM brofA^bfH- 

AuitrmllAp mw (UqpTHi r«r4nEhEdr4>- 
Hurqpmn rbvvfl (f^ofriLi Wrfia4)„«»_^ 
O]0H*]r MtArllajE (£RiKJ4prot<nilP n«ria- 

tnaj___ _ ____ 

llAlAbar «ala- 

---- 

Napqlnm Mvam IPfrnmfbintt 0fm}.. 
CrlnuK]n-4xtiwii.<^1 Km^tr frvr^HffaAa 

_ __ _ __ _ _ 

NAdapirmr vfuw (FiMdio HiijdQ^s#- 

nKriMJ^i__ ^_„__. . ____ 

wt^rrr pal'll. 

ffima} ____ 

CDE-tbriAt ftacb (Abiq^Jpa fair^l4>_ 

IllAcb-lM;«d Gobldidu ^b (PoffAUd 

___ _ 

Blneb-bMilEd flncb t,Mwmia att^atpiUu)- 
Tbm-folqrrd Hej^U C JlHnip Mlo«q) , ^ 
NntSirt* lltl^b IlfOTlId. MiBrtMJorea; __, 
Jtrt fl^rrew ^IfMHfd 0rv=i™TC(>^_„_ 

Whit? Jay A e^mw (Jliinip 

fom)- 

Cqwhlrd ( Jf^ilofAnf _ ,^__ . 

Foe ai^miw IPo^ierWIa 

NoupoK^i CPAAil^O rfflj) _, 

KfllTron decb (4fkql4* Jlamift) _ _ 

Cknaiy (HfriNW# _ __ _ _ 

Greoia atiLjciEi#^ Aocb (^cHnu* 4rtenM|. 

{‘trdIflAl (PonffHo nnJ^ 

i0l6l _ . 

CMeiUilaI (<70nfliial£* Afridi»o4iff| _ 


nona«d toad i^hr^tomit mytui%ml_ 

Rock pjlhaD fppfbaH ___ 

Aniimndk __ 

ItW <vlUtllrtor t^OfulP^r^r r^pul^rfc- 

ior) ____ 

Water loatfr lA'oMr irijwJoii)__,_ 

RHct Huke {ColKbrr POivilHrf^ir),„ 
Cpflch-vhlp Kfiitko Cealihn^ 

CblckEP honkr iEtaph^ olitilrlo auAd^ 
HiM(l0f0| ____ __ 


3 

2 

1 
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1 

ill 


2 

1 

1 . 

4 

] 

2 

13 

b 

1 

1 

1 

12 

4 
3 

5 


1 

s 

1 

1 

2 

2 

3 

2 



























BEPDBT OF mE SECBErABY. 


81 


STATmENT? OF THE COIXECTION. 
ArCTSBIOXS DlTHlXfl TTHS ’i'EAE. 


FreHenittl: 

_ ^ 28 

__ 44 

__ 21 

— on 

II^>ni Rtifl Iwtcbprl In liif* Nrt- 
ttoftal 35c»lt>j:i™l Pnrk: 

^fnT^I^^Ifl_ _ _ 52 

B|nlB________,__„._„ 41 

- m 

Rprclvcd Lu ei[cliaDi:«: 

MEJumn111 _^^ ^ 12 

Blnifl__ _ ^ 

-74 

I^rdTMwI; 

Mnmmnln__ 20 

BJrtiH-.._ 23 

____ 22 


TrHiiHferml fmm cttlinr (lov- 
cramiuit ^Jetmrtnienti: 

MnnimDii __ 8 

— 5 

Cflntm^l \n Nattonnl Zoolp^- 

ml Pafki 

____ 1 

Reptiles___ 1 

2 


Dertostted! 

Mnmmatp___ ^ 

Birds..____ 1 

-- 53 

Tptnl ncTj«#!3loiiiii,^,„—— 397 


flCTMMAaT, 

Anlmitl* (,n hnnil July 1. 1010.. _ 1. SS3 

Aecciuloiis 0Drliig the year__—... 3OT 

l.VSti 

l^Hluct loos (by MchjiaBe, death, return of ntiitnaK anrt auluinla lib¬ 
era ted > . .. ....___ __ SW 


On band June 30, 101T.____ __ 1.223 



The number of visitors to the park cliirin^r the year, as deterniined 
by count and estimate, was l,lf)e,ft00, n daily average of 3.052. The 
greatest number in any one month was 1TI,400, In April, lfll7, an 
averoge per day of 5,T13. The ottendance by months was as follows: 

JOltt: July, 78,600; Angnst. 80.500; Septeitilier, l22,tiSO; October, 02,2(X); 
N'oTember, 43.230; December, +1.1125, 

11)37: January. 37,7.50: February, 5,5.073; March. mitW; April, XTl.iOO; 
May. 130,5.50: June. 101.100. 
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Kxcppting IBIG. this was the Iargi>at atteadaace hi the history of 
the park. 'The number of viaitots was only 50,310 less thau m 1010, 
and doubtless would have exceeded that, record year but for the 
unseasonable weather on Easter Monday. 

One hundred and fifty-three schools and dosses visited tha park, 
with a total of 8,4i>2 individuals. In addition to the local schools 
and those from near-by States, these Included schools from Alabtinm. 
Arkansas. Massachusetts, New .Jersey, Xew York. Ohio, Ofthihomn, 
rennaylvaiila, and Vermont. A number of olficlals from other Zioo- 
lofrlcal ftardcTis visited the park. 

Tlio excepticjonlly favorable wcatber made the skating t>ond ati 
attractive feature during the past winter and for a much longer 
period than usual. Tlio ice was kept clean of snow throughout the 
season and the appreciation of the piiblie would seem to warrant 
the constniction of addiHonal lakes to he used for exhibits of water- 
fowl during the summer and skating in winter. 

1 lirnOVEMENTS. 

The hospital and laboraton'. wliich has been mentioned in the 
rejMjrta for the last two year;, is still unfinished, but a oonsidernhle 
amount of work was done on the interior eagijs so that the building 
now lacks only the necessary outside yards and the laboratory equip¬ 
ment. The hospital cages are designed for the care and special 
comfort of indisposed or quaraiuined animals, and ocenmmotia- 
tions are prnvidcfl for two mammals of lion size, three of leopard 
size, three large ruminants, and a number of smaller animal.s. In 
addition, there is a large, well lighted, central room for laboratory 
use. The completion of this building will greatly facilitate the 
work of the patlioJogists from the T>f;partnient of Agriculttire wlio 
visit the park. 

The largest waterfowl lake, in tlie soiilheaGtem part of the park, 
was enlarged and reconstnieted to provide safe and retired breeding 
and resting places for the birds. It had formerly been inclosed bv 
IV fence of ordinary poultry wire without special protection from nre- 
dactoiis nnimnls, and there had been frequent loss from the depreda¬ 
tions of rats and the smaller nutivo carnivores. Tii order to iocrease 
siiiiicieiitlj the hmd area it was necessary' to const.ni('t a stone wall 
along Rock Creek at the rear of the inclosiire. Ry lowering the 
grade of the hill bordering the lake, siilRcient earth was pro<hiSd to 
fill up to the level of the wall on the inner aide, A rat-proof fence 
was woven in the machine shop and further provided with gnartls 
against cats and raccoons. The level of the water was rulswl sboiit 
12 inches, greatly increasing the size of tlio lake, and (he new fence 
was conslmded on a concrete coping considerably outside I he former 
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Wundiiry, shrEibs, small troeSi canes* smtl wem 

planted to supplement the fine growth of larger tree$ already on the 
area. ’V^'isitors wait along one side of the lake only and aa the thick 
vegetation virtnally hided the fence on the opposite side at all points 
the elFeet- is that of a wilderness hneeding lake for ducks and geeWi 
As completed^ the inclosure provides almost natural conditiorie for 
the waterfowl of niiniemus species and forms ii very attractive ex¬ 
hibit. It has been given over entirely to North .Vnieiican species, 
and it is hoped that a laq^A represcntallon of the ducks, geese, and 
other aquatic birds commonly associated with theni native to our 
continent may be kept hero* On June 30, no Hum KP5 North 
American waterfowl, of 24 species, were to be seen on the lake. The 
natural surroundings and the fact that only j\jneriran species are 
shtm-n here makes this wntetfowl lake of special interest to school 
classes, sportsmen, and bird loverst und it has become one of the 
populnir features of the park. A cernent walk was extended from 
the bridge near the Harvard Street entmnee along the south aide of 
the rofc\d to the GroiSsroads, to connect with the cinder pmh liordcring 
the lake. 

The work of grading and filling around the old budalo house and 
the remodeling of the building for other uses, which was commenced 
last year, has been completed. As recoiLstructed the building tiiukes 
an ideal shelter of pleasing design and furnishes house space for the 
animals occupying the six large paddocks tliat surround it* The 
t'auadian Rwky llktountairt sheep* the elands, and the Kashmir deer 
are provided for in this group of yards. 

All outdoor cage and shelter, summer quarters for the chimpanxeCf 
were built near the north entrance to the lion house. This provides 
not only for the better health of this interesting trained a|jc* but 
makes it pot^jlble for larger crowds to gather about at the time his 
meals are serve<l. 

New paddocks w^erc provided for ungulate mammals on the piece 
of ground recently leveled by grading northwest of the llaiua yardis. 
Much-iieedod repairs were made on the ivol f dens and to Uio lion 
house roof, 

A considerable portion of the pastuie land i^ear Uie office was 
plowed as an addition to the gamlen, in an efTort to decrease the cost 
of feed for the animals. For the same reason licii^flcsh has l>ccn 
substituted for beef as food for the carnivorous aniaials, with the 
prospect of saving at least $6,000 on this item alone during the next 
fiscal year. A portion of the nursery was fenced and breeding pens 
for quail and other game birds were iiistfllled within the indosiire. 
JI JJ^ hoped that most of the quail of various specie^ needed for park 
purposes may lie reared in tliis place arid that important experiments 
in die bi'ceding of game birds mny at the same time Ijo conducteil 
without addiiionnl expense* 
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TUK 1*AHK AS A BlltD SAxVC’XUMtY. 

Thfi e^ntire lfS9 acn^ of the Kationul Zoolo^cal Park eon^titvites a 
carefully pre<scrved saiicUiiiry for native wild birds. Every effort is 
being omde to inciv-ose the bird population within this area and to 
give better protect ion to the resident Dnring the past year 

fiver too nf^Htiiig boscH were provided for those spcoies which com- 
fnotily nt-st in holes in trues. Tlie:^ made in tlie car|jenter shop 
at odd limes during the winter mondts from trunks and limbs of 
fallen trees with tlie hark in plnuc. Attached to trees of the same 
kind or with bark of the same color these nesting boxes are much lesa 
eonspicnous and unsightly in the park trees tlinn square buses made 
fiom planed boiirdj^. Jljuiy of the Imxm were occupied diiriDg tha 
summer by bluebirds^ chickadees^ niith]itches, wrens, and flickers^ and 
additional nests will be providetl from year to year* During iho 
colder months fooiJ is provided for the winter residents in various 
parts of the park. 

Of all the native wild birds within the park perhaps none attract 
so much attention as the turkey vultures "'huEzaids/^ which con¬ 
gregate here in great number during the fall tmd winter months. 
Food* at practically no expen^M?, is provided for the vultures, and they 
become verj^ tame and confiding, ifany visitors from the Northern 
Statesj, to whom the birds lire a novel sights greatly admire the gnvee- 
ful flight of thesro interesting creatures. During the summer montlis 
the vidtnres sentter out over the ainNsundiug country to ne^fj and 
only a few appenr Avlthin the boundaries of the park, but the securitv 
afforded for winter rot^s brings tlicm back in gretit numbers witli 
the approach of aiilumo. 

Bob white quail appear to be increasing in numbers within the 
park mid are now fairly abundant, A considerable number of these 
birtis much help stock the surrounJing country from year to year. 

Xiimemus lord chisses from the schools and parties of Audubon 
Society meialwrs find tlie w ildcr parts of the park ideal grounds for 
observation of the hi tils* 

ALTER.\TION OF WESTS llN BOTJXDArcr. 

It again appears ilcsirahle in rocapitulnto for future reference the 
varicnia stages through which the matfer of the adju^ini^nt of the 
western boundary* near the Connecticut Avenue entrance, hua passeiL 

The following appropriation wa.s made bv the act approved June 

tleftilJfli^liHmt tif t^uunilnrle^: Fevt nc^nlrloj^. by cnndQiuaatEDri. nil the kta, 
pli-cRi, iwireetft r^f tjital. ather than the lir-rclnaiftrr eiceptftit, fheit ll^ 
betv'wn ita^ pwi^nt western hruuiflary of the NHlJimnl Zaetci^leei) Park anU 
r^iiiaocticut AvenTic fmm Entbeilml Avenue in Kllnj^^h- jKrT.aOft, or sncti 

piftlpa theiwf ns may be net:c««iLry, hiitd luinl wtiea aeqairoit, together wltli 
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FurL Tlw proo*?eilLD^ fur the coinlciuiiatloii of ^Ul lauij hJirH bn* 
iTi^UTited by the SecrctHry of tho Tnasurj' wmlef and lu acwrdnjice with rJte 
terms nnd pfotEhIdds of sutHzhnpter onb> of clmpter fifteen of the Code of Liiw 
for the District of Columhls. 

As the act required that the proceedings be Instituted by the Secre¬ 
tary of the TreiebUrni^ the ettenlion of that official was called to the 
matter In a latter from fhe Secretory of iho Smithwnian Institution, 
( 111 tec! June 23, 1913, A special survey and plat of the land required 
was necessaij, hut this plat was not forwarded to the Department of 
Justice until November 5, 191A Other delays ensued: the lltle of 
tJie varioujf ow^ner^ of the land fiad to be iiwestigatec!, and ii was not 
until March Hi 19J4^ that the district court ordered a jury to be 
summoned. A him ring was set for April 10,1£>14, und a final hearing 
of the case heard by the jur^^ on July 2 following, Tlio verdict 
of the jury was not filed imtil December 11, 1914. The Iieariug of 
objeel ions to the verdict much delayed a final conclusion, especially 
IIS tho time of the court was almost wholly occupiei:! by a coniest in 
an important will cii!*!ii It was not until June 28, over two 
years from tho pa.'^age of the appropriation act, ihiit the. t'ourt con¬ 
firmed the verdict as regards the awards for damages for the land 
lo bo taken. The benciito assessed agaiiLd the neighboring property 
were set aside by tliis and by a subseipicnt decision of Janiuifj' 28, 
1918* The decree, of tho court Used the amount re^juircd for tho 
purchase of the land nt $194,438*08. Tho cost of the proceedings for 
condemnation wag $2^03.35. 

The grent delay caused by these legal proceedings ocoAsSoned am 
other complication. The appropriation made by the act of June 23, 
1913, was not a continuing one, but lapsed at the end of one year- 
Consequently after June 30, 191.7,, there wajs nothing available to de¬ 
fray the purchase of the land. 

An item for an ndditionnl appropriation and for a reappropria- 
tion of the original sum appropriated by tho net of June 23, 1913, 
was submitted to the first, and second sessions of the SL^ty-fourth 
Congress* hut was not favorably coasiderecL 

It is greotly to be regretted that this appropriation fnile^l, as it 
is exceedingly desirable that the land in question be obtiiiiicd ftjr 
park purpofses before it is too latev A frontage on Connecticut Ave¬ 
nue at this point is most important, becatise the principal entrance to 
the park will probably be here for all time* and it is essential that 
the control of the laud be in the hands of park author!ties^ 

IMPORTANT NEEDS. 

Oroflinff and work of grading and filling, corjilnertccjl 

last year, should be continuedi The furthei: cutting uwuy of the 
11*^33"—Bit 1917-7 
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irregular hill in fhe Mnler of the weiFtem part of the park nml the 
Ailing in of a ncarhy ntvinc will level nearly 70.(XX) a|uare feet of 
ground which h now of little use and make a rail able about 2.3^000 
Rcj^imre feet of ground at Uio ravine^ beiiides straightening ont the 
aiitoinohilu road at this point. More mr1o$iire& are BerioiiBlj needed 
for deor ntnl similar animals, and this grading would provide for ji 
number of Jliese yards on Aat ground. 

ajid The need of n suitable 

^-t^tl:ct^IrQ for n re^ houiio and refresUment room is strongly felt. 
This rest huiise: should provide toilet facilities for both women ajid 
men. It h proliahly true that the present restniirant occasions more 
unfavorable comment from visitors tlian any olber one feature in 
the park. It is only a rude wooden platform with cover, but with 
open aides; the kitchen and oJher facilities are inadccpiatet and the 
entire slrnctnns is in a had state of repair* 

Roads^ irvV/?o pa/hs^ and o^t/omobdo parkmff. — The question of 
providing space for the parking of automobiles near the main build- 
iiigs in the center of the park is becoming serioua. Tlie availably 
space is tmtinily itisufhcient on nearly even’ Sunday and on all holi¬ 
days. In order to provide suitable accommixlations lor tlie oon- 
Ftantly intTPiising number of cars it will Iw necesaary to make some 
change in the roads and lavrns at tlio central |>oint It will bo neces- 
to make extensive repairs to the roads during the coming year, 
which will involve a considerable expendituDe* The mads need 
repiiir now, 1)ut under the Btringent economy that is compelled during 
1J>10 it will not be possible to mate even the repairs alresdv needed 
nor to provide projier upkeep of the roads. The greatly iimreased 
unto triflic (sometimes ilJiOO cat^ in a day) niakca necessajw each 
year greater expenditures to kei^j the mads in order. Some change 
f^hnuld Irt! made in t he bridle patlis in order ihid equestrioins would 
not be forced to use the bridge and the msin road from the Harvartl 
Street gate to the cn>ssroatk Xunieroiis complaints have Wn made 
m to the danger at these points, not only to children, but to the riders 
themselves. The bridle path could, at soma expense, bo cj^rried up 
the west aide of the creek from the crossroads, and a ford constructed 
to connect with the bridle pnih on the east side rd the creek. 
Outdoor (ft ne for carnh*orous e.vperiincnts have 

shown that many kimla of animals usually kept in heated houses are 
much belter off in mitdoor ynvtls, with warm, but iinhruKHJ sleeping 
ipiarters. Such ac^modations should be provided for the Siberian 
tiger, some of the Itons, unci other animals now occupying quarters m 
crowded heated hoiiKes. The health of these aniniab would tinqiies- 
tionably be improved nod their lives prolonged ,mder such condi¬ 
tions, and the space they now occupy in heated bouBCS would become 
available for Other animals reaUy needing such accommodations. 
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A seriiiBof outdoor, unhi^iitcd citg^ und i^heUrr;! dioiild iilso bn lint- 
vidod to replaec the ficries of uiiirighily old wockIpii cages along thu 
hilltop north of the bird house, 

Ailditi&fuil pamk for watcrf&ii^t—Ad^]]iionAl lutes to be used for 
watcrfovrl in summer and for skating in winter could be provulwl at 
comparatively small expense both in the open Hiit near the Harviml 
Street entrance and near tho pelican pond across the road. Eshibits 
of waterfowl are ver^" popular and instructive, and tho skating 
privilege is much appreciate by tlio public in winter^ 

Aitmjy huildinff,--The park rcpori^ have for a number of years 
urged the appropriation of funds for a new bird house. That siich a 
stnicture is badly needed Is apparent. Tlie building trow used for 
the birds was erected in the cheai>€ift manner possible for temporary 
itse ajid ia now in a bad state of repair. Tlie collection is an im¬ 
portant one, and n suitable bird hou&e would witliout doubt prove one 
of the most attractive and instructive features of the park 
licptils —A properly constructed reptile house would, it Is 
ccrtiuji, prove aimost as attractive to the ptiblic m a bird houMe.. The 
comparatively $mall collection of reptiles now kept in crowded quar¬ 
ters in the lion house is very popular, 

Tho most urgent need of the pi^rk is a BUhstantlal increase in the 
genemi appropriation. llTien the amount provided was raised to 
tho present figure, f^ven years ago. it was recognized that there was 
necessity for a considerable sum above t he cost, of actual maintenance, 
in order that iniprovemcnts could be made and the grounds and 
buildings be kept in a good state of repair. Owing in the steady 
advance in the price of supplies and to the additional expense neces¬ 
sitated by the corij^antly Increasing number of vbitors, the point has 
now lieen reached where the entire approprintion does not cover 
actud maintenance expenses. It is only by rigid economy, aJid by the 
elimination of some things really necessary, that the cost of operation 
can bo kept within the amount. 

Eespcctfully submitted. 

X, Hoiju-ster, 
Superhtendeni^ 

Dr. CriAiii:.Fjs D. WALorrr, 





Appbstux 5, 

REPORT OF THE ASTEOPIIYSICAL OBSERVATORY, 

SiJi: I havQ the honor to present the follotving i^eport on the opera¬ 
tions of the Smithsonmn AsttopJij'KicBl Ob^^en^atory for the year 
ending June 30 ^ IDlL 

EQcn^MKrrr- 

The. equipment of the ol^crratory is m follows ^ 

{«) At Wasliingfoti there is an indo^ure of about 16*000 squaro 
feetj contairimg five small frame buiUlings used for observing and 
computing purposes j three mo a aide frame shelters covering several 
oTit-of-cioor pieces of appafatnss and also one small brick building 
containing a storage battery and electrical distrihut i<in apparatus. 

(J) At Mount Wilsonj California, upon a leased plat of ground 
100 feet square, in horizontal projection, are loeateil a one-story oe- 
mont observing st nieture, designed espefdally for i^kr-constant mens- 
iiirmicntfliT *^lso & little frame cottage. 21 by 25 feet, for ob¬ 
server's quarters. Upon the obsendiig shelter ot Mount Wilson there 
is n tower -W feet high aWve ^he 12-foot piers which had been pre¬ 
pared in the ori^ai construction of the building. This rower is 
equipped with a tower telescope for use when observing (with the 
spectrobolometer) the distribution of radiation over the siin^s di.sk. 

During the year apparatus for research has been purcha-^d or 
const meted at the ob^rvfltor>' shop. The value of these aclditioua 
to the instrumetiial equipment is estimated, at ?1,000. 

WORK OF THE VEAR. 

1, AT WAflfJlSfirON, 

Three copies: of iho piranoineter, our new instnimeiit for meajmr- 
ing sky radiarion* have been prepared fay the Institution* respectivelv, 
for the Fnitefl States Weather Bureau, the University of WisconHin 
and for the proptysed expedition to South America mentioned in my 
report, for 1&16. These inEtniments were finished and standardized 
by Mr. Aldrich. The tests made led to long investigation.^ and im¬ 
provements. which greatly increased the sensitiveness of the pyrano- 
metcr. All three instrumonts are now in u?jb and, so far as Imown 
With satisfaction* ^ 


RRPOlrt* OK THK flECftErABY. 

Two silver-disk p.Vrbiflionjetera wmri! atmularrlizi'd for the proposed 
South Americjiti cx|>eiliUofL 

Cons idem b Is woj'k witii done oa the iippurtitij.^ mentioned last jear, 
designrd to measure the oonstiuit of tlie fourth power railintion 
formuJa, Owing to trouble found in tnaintjunJiig a vacuum in Uio 
aptHirntus no actum I determinations were madje, 

4^1 uck attention was devoted to the preparation of tho equipment 
of ii Holar'CODstant cxiDedUion for St>uth America. Hio purpusB of 
tlio expeditiont oa stated last year, is Uy cooporation with 
\\ ilson to set;lire daily values ms far as poosiblo thiviugbout the year 
for several years, mid tlms to invesUguto the iuduenee of solar vari¬ 
ation on terrestrial tern per mturc. Afuay improved devices were in¬ 
vented and constructed far the expedition. Among (Lem is a new 
vacuimi Iwlonieter of vety high sensitiveness ond in every way exem¬ 
plary behavior. This mstmment is constructed in such n way as to 
bo scaled off when highly exhaustetl, like an X-ray tube. Having no 
cocks or windows it i-oquires no further attention to maintain a 
vncuum indcdnitcly. Tito construction of the senative strip follows 
the indications of inAthematicai antdysis covering the wiiole theory 
of tlie bolometer, so that a maximum sensitiveness is obtained, A 
similar instrument was preparctl also for Mount 'VViLion work. The 
high sensitiveness of the new bolometer is indicates] by the statement 
that wlien used with (he siime spectroscope and galvanometer em¬ 
ployed in our Algerian expedition of Wli more than tenfold de¬ 
flections on the solar spectrum were observed with similar conditions. 

Anotlier new instrument is a special machine designed to aid in 
reducing spectrobolometiy, in solur-ooJistaiit work. Heretofore wo 
liavo plotted, on largo cross-section paper, logarithms of observed 
radiation against the air masses traversed by the solar beam, Neerly 
■10 such plots, eucli of six points, are required to represents murtiing's 
spect robolonietry. Tlie plotted points full In approximately straight 
Itne-i. wliusa projection to tlio zero of air moss yields logsritliais of 
intensities iis they wttnid be observed outsido our Rtmosphere, Tho 
inclinations of the representative straight lines give the logarithms 
of the atmospheric transmi^ion coefficients:, "^rhat I desire to point 
out^ is that tlio process retjuirea taking out abf>nt 300 logarithuis, 
besides plotting and extrapolating, 

In the new instrument ns shown in the illustration six 16 -incb 
slide ntles are arrungi-d to bo set at chosen places tind a|. right angles 
to a horizontal linear scjile of air maases. The obaervations are set 
up by reading tlie crossline of the slideru against the central movable 
.■ilido-niJe scales, these latter being set witli respect to the fixed scales 
on the hides so as to apply a small correction for sensitiveness of the 
bolometric apparntus. A stretched wire is then adjusted to fit the 
six points us thus plotted. On another slide rule fixed at at?ro air 
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[n4jui:» one restdiii^ of the crossing point of tbo vviiiu ov&r the fiixed 
scale gives the intensity as it would be outside the atmosphere, iind a 
second reading on the movable scale gives the atmosphere tmnsmifi- 
s!on coellicient. Xo log^irithins or computing tire required. 

The etjtiipmeiit of the expedition was dll boxed ready for ship¬ 
ment to Soutli Ainerica when circumstances connected wilh the war 
with Germany led to a postponement. Under these circumstances it 
was dcetiicti best to send the expedition to llmnp ^fountain in North 
Carolina, a station at 4,6tH> feet elevation, where it m now located. 
This locntion was cho^ti with a view to being at a great distance 
from Mount Wilson, in a region where Weatlier Bureau observers 
rei>orted uncommonly little cloudiness, and eaaly acce^ible from 
the railroad and from Washington, 

The expedition with over S tons of equipment went forward in 
May, 1017* It is in charge of Mr* A, Moore, who ia assisted bv 
Mr. L. IT* Abbot* Two small frame buildings were erected for the 
ob^ning and living quarters. The apparatus wag $ot np and ad¬ 
justed by Messi^, C. Abbott L, B, Aldrich, and A. Moore, and 
gotten rciwly for observing about June 15. Unfortunately the most 
cloud}" and rainy slimmer in the recollection of old residents had 
l>een expiTieiitH'd up to August 1. OthcrwijK?, everything is highly 
favorable to e,xcellent solar-e«>nstant work. If war conditions war¬ 
rant, the Institution still hopca to send the expedition to South 
America later, where a station is selected at which 30i!> cloudl^ 
foreunous for observing per year are to be expected* 

Before leaving this I desire to call attention to the remark¬ 

able paper by Dr. Ilclni Clayton (Smithsonian Misc, CoH,, vol. 

No, H) on the “Fffect of Short Period Variations of Solar Badia- 
tion on the Earth^s iVtmospjjeri;,^^ Doctor Ciuyion showg by the niathe- 
matical method of corTelatiniLs, free from all infliipncc of perjional 
judgment, that variations of solar radiation observed by iia nr Mount 
Wilson in 1&13 and ID 14 were reflected in variations of terrestriat 
tctnjieratiires all over the world. The correlaiioiis were positive in 
and near the Tropics, negative in Temperate Zone^, and positive near 
the i>ole5, A lag of from 1 5 days occurred, the lag being lesa fqr 

Tropical Ilia barometric pressure also appeared to join in 

the corrclations. By an ingnoioua application of bis method Doctor 
Clayton sho^vg that the short interval flnctuations of isoiar rmlJation 
are not altogether without periodicity, for the changes tend to rejicnt 
themselves after 11 and :h> days, respectively* The same tendency ig 
found in tlio tcitipemtnre records of Buenos Air^, We are now en- 
gageti in testing this coiicliiaion by computations fur other yeara 
Computations of l^Iount Wilson aolar observutiortH went on Jn 
hifcuds nf ^Iiss Graves as usual at Washington, and the computing is 
praditally np to date. 
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Mr» Fowie’s r^ieaLrch on the of wiiter vapor and carbon 

dioxide of tbe atmospliene to absorb long*wave ni}*s, such as the earth 
sends out, is now ready for publication, llany of the best observa¬ 
tions were made by hiui during the past ycar» Some observulions 
made in February', 1917, at a time when the liumidity of the atmos¬ 
phere was very small, proved of special value. Opportunity was 
taken of using sotne of the apparatus prepared for the South ^Vjuer- 
iean espCilitioti to aid in making holographic obsservations on the 
iiolur speetrum at very greiit wave lengths, Toachiog to IT microns. 
By means of the speetrobolomoter prepared for South America it 
WJL3 possible to determine accnmtely the quantities of water vapor 
in the path of the solar beam. 

Certain couclu^sioni^ stated in Volume II of the Aimab of the Astro- 
phjsical Observatory' may now bo corrected to eorrespond with the 
new information. We stated ^ 

We Cfm by no means udmlL that the mdladon from the solid nnd Hoiild fiur- 
of the cartli piiRKGsi uaJOJid^red to • xhe elomld, wlutat^ 

n%4T4i|re liiiTliitlpri TiG |Ti.*r cent of iJie tlnbc, • » * in'll ovi.^a luore 

eaieient to the ratUuEluD of Lbo eartli tlutu thej are to the rndludoD of 

ihp HTTUi nm ilurinf^ [K^r cent of the time we muy repini die rmilMlioa of the 
soMil iind UiiulU esirth 0^ sjitLcv as Eunh During* tJiu rajimluder vt lli+^ time 
water vniMjr presents almost ns effective a screen ■ ' *. From Uie eota- 
btoed work of nubeziH iiod AscUklimss, Lani^Ieyi Keeler ami TeiT+ and NkhoL*?, 
we • * * cooclnde that a tenth part of the nverose amount of water vttpor 

la the rerQcal column of aOaoH|khen! above 5?ett level fs eaeugb to ah^rb morn 
tlina half of the rodlntloa of tlie earth to iinU It In liEphlv proircilTlo Ukut, 

wiLBiUertai; the i^reulur air moj^ niteodiuc the oblique pa^iao of tnutky of the 
niys to apaoe^ alae-tenths of the ruiHatlan of the solid aui| Uqald snrfni.v of 
ihe eiirth \m iibS4>rla>a hy tlie wnter voinir of the utmospheriT even on clenr dnys. 
Da cloud; days noiio is tniaj?mltted* ^ thot the nverflu^ of rtullatlen 

froifi the eitrth's surfntv to aim re pnkbHbly dijie^ not exceed S p#t tvnt^ 

Some wrJlont attributed a larjje gliacc of the ab^rpLlon of ibe atmo#- 
pht^re to the carbonic acid ^ which It wnuilhft, tot * • * In atmo^herir 
condnioD-s the absorption of caH»tdo-aHd laui in the apectmiu of tlie earth 
uppdSLirs to be conUned to two btitttls exLcudint^ fratii wnve Icn^tha 3,0 to 0^4^, 
niid froitk IShO to 10,ifFSpecllveJ;. In these bands Its nbsorptloa Is npnrly 
t^kliili from to 4.So flii[| from l-t.O to IILIV even when carbooliMicld 1 b 
protk-ul In much Ices ^UEiatitles than tiji- ataiontdiere couEnliLq. * * • In the 

iibfsmce of water vaijur ibe total ab£iar|iilon poa^lo by nirbunlC'adU ms woulil 
be H per centr In nil ttie lower rohinns of the ntinnsjphen*. lM>woTor+ water 
vupor iB pri^at In such aunatitle? iw nlmost eompSvlety to extlnfrulfdi the rudl- 
fitloa of the earth's Murfhen Lu iwo Mpeeiat reeloaH. • * * It thefoforo 
(loos liot apt>etir pussiblo Llmt the preseia^o or ahuencOi or luoronjie or deerpaae, 
of the carlwnic at id cnhtChtJf of the iilr Is likely to aijprcvdnhly lufluefbco the 
tomiiemtiiro of the eartb^a anrfacep 

It seenw mtolHi [n vli^w of what hoB b»ji Mild thnl the cortldM and 
liquid surfaces^ and tlie lower parta of the atitin(«pber(?* contribute cJliwlIy 
ahuc^t uuthluj; to tJio nnKiuht of radiation which the earth ns a planet WHida 
Tnk jipanv. The i^rth's surface iind the lower utmoeplierep of courw. exchanjte 
nnUutioa togetherp olid by this proous^ autJ by (^nviHTtlou the heat of tla^so 
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ri‘j:iuiiK u!«ccmlii toM’iiJMl iqincc^. Uut convMlluit (util twK lu the ulr 

tN!v»i»i.‘4< wirur. nnd must at l^n^h cease to lio nn opprcotublc factor. It Is UtD 
water vupor and catrljoiiie-acld (pis tbr obavv tLe cartU's aurttice^ vvliere tlia 
ob(»orptlo» of the niya by tie water vapor and carbo&tc-aeld goa lying still 
bigger ticc«nie 9 suntll, that form Uic true radiating sarhice of the earth con- 
sldoKal es u |iUhwL • • • yviili the scanty tiMtcrlnl at linnd. oiid In con, 
sLdertitlon of the cllstrJbntlou (tf water rnpor In tlie free air. It Heetus safe to 
l>ut the etfectivo poaltloa of the radiating surface nt fully 4,000 meters ohove 
sea level * ' • at a jindNihU' mwin tcmjwmlure of 203* abeoltite centi¬ 
grade or —^10'* centrlgnidc. 

Some witters liave uminCerpreted these remarks and luidemocHl 
tts ns supposuig tJmt there k a special In^'er at 4,000 meters elevation 
nbovo iftMi level which prevents radiation cficuping from below and 
w hose owti radiation posses unhindered to space. Our meaning was 
<]uite cUdetent. Every layer from sea level to the limit of the attnos- 
phere contributes something to the total radiation output of the earth. 
But, because of the great absorption of superposed water vapor and 
clouflo, the lower solid and liquid and atmospheric layers contribute 
little, while because of their dryness the hi^er atmospheric layers 
contribute little, Kougldy estimating the i-arious factors, wc ^n- 
eluded that the center of activity of the radiation of the earth os a 
planet could be set ut about 4,000 meters elevation. 

How far are these conclusions now to be altered? As to the effret 
of cloudiness, not at ail. As to water vapor Mr. Fowle Ends the 
following results on the percentages of absorption of rays from a 
perfect radiator at the earth’s mean temperature in atmospheric 
columns containing besides carbon dioxide sufficient to produce muxi- 
raum absorption, Avater vapor which if precipUnted would produce 
ccitnin depths of liquid T?paters 

l*pL wsiii?r—0.003 a 113 0 . a ao 

_ -JO Tti rtO 75 

In order to apply those data I give figures for the average quantities 
of UsiTCstrial Avatcr vapor which, according to Harm, exist in vertical 
cohunns from sea level to tlia limit of the atmosphere over different 
xones of the enrtli. ^ 


T.ntiitifio , „„ o-ao" aa*-ao' so'-io* 
Ul't. wnttj-'"'— L3 :ti 


I0*-I!l>* 

].i: 


1,0 


G0*-00* 

au 


From tliesc figures it may be seen that the statement, “ a tenth 
part of the averogc amount of water vapor in the vertical column 
nliove sea level is enough to absorb more than half of the radiation of 
the eurfh to space,” k confirmed. But the conclusion therefrom tl 
ninc-tenths of tlie radiation of the solid and liquid surface of th 
earth is „ljsorlicil by the water vapor of the atmosphere on clear rl«rr» 
IS not fonfirmeri. Mr. Fowle has computed the alisorption of th7 » 
mosphere in u state of humidity corresponding to 1 0 cm ^ 

[ind finds it 72 iier cent, Coimdering that the ppt. water in a vm 
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coluinu over most of the earth e-tcecds 3.0 cm., it now seems probable 
that tliq proper fipirc should iic eight-tenths instead of nine-tenths. 

As regards the absorption of cariionic-aeit] gas Mr, T'oTvle finds 
that one-fortielii part of the amount of this gas found in a vertical 
atmospheric column piodiice-s the masimum possilde effect. This- 
does not lead to but modification of our eondusions as to the effijct of 
atmospheric earhonlc-nrid gas ns stnted alioro. 

IVith ordimrv’ humiditjr. at sea level a layer of air 10 meters long, 
according to howle, will absorb 50 per cent of tiie radiation of a 
perfect radiator at terrestriiil teriij^eratnres. Similarly tlie layer of 
iiir above 11 kilometers, or 0 miles, nUitndc contaitis enough vfater 
vapor to abiior!; 50 jser cent of such radiation. 

In view of what bos been laiid and reineml>ering tiie presence of 
clouds, only about one-tenth of the radbtion of tlic solid and liquid 
surface of the. earth escapes directly to space. The atniosphew above 
11 kilometers appuireiitly contributes more than half of tlie radiation 
of the earth viewed as planet and prevents half of the radiation of 
lower layers from escaping, Keariy tlie entire output of radiation 
of the earth to space, certainly more than three-fourths, arises from 
the atmosphere and its clouds os its source. The “effective radiat* 
ing layer,' meaning a layer which if perfectly radiating to space 
would etpial in radiation the actual earth viewed ns a planet, may still 
Ij© thought of as at several kilometers altitude and at a temperature 
well below freezuig. 

The subject of atmospheric absorption is so diflicult Imth theoreti¬ 
cally and experimentally that mueU more Investigation ought still to 
bo done on it. Hr. I‘"owle's long experience has well fitted him for 
maid tig further advances. It i.<i hoped to put at IiLs disposal sewm 
the necessary uictuis to make new researches. These include bolo- 
metric apparattEs of greatly increased sensitiveness, such as recent 
f^tiidies now enable ns to construct. The one nlisiacle to complete 
umicess which now' seems luauporable is tlie lack of aiiv means to 
form an intense unabsorbed s£jectnim free from stray light, extend¬ 
ing from 15 to 50 microns in wave length, 

3. AT MOCMT WIXSON. 

^ The expedition of lUlO continucil solnr-emmtant and other ohserva- 
liojih at Blount Wilson until lute in Octolier, The expedition was 
renewed Into in June. I BIT. Improvements in the supply of electric¬ 
ity and water to the station were completed in June, 1917. 

Tn 1915 many observations of the sky by day and by night were 
made at Mount Wilson with the pyrnnometcr. The plan was fol¬ 
lowed from August to October of nicasuring with this imstnimcrtt the 
tt>tal solar radiation at a fixed zenith distance of the ann, and almost 
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simxiltaneouslj l!i& total sky radiation over a fixed stnnll ai^a imme¬ 
diately ^mm>undin^ tko am. It seeing prohable that as the bright- 
ne^ of the aky depends on the prevailing humiditT nisd diifitt ftmi as 
the radiation of the sun is diminished by prefience of humidity and 
dtistj a method of combination of the two measurements nmy be 
found, adapted tn give approximately the stdar constant- Wicn csoni- 
piitations are further advanced the matter will bo testecL 

Rt^standttrdiKation of secondary pyrheliometers in iDlfi against our 
^ndard water-flow pyrholiometer indicated no change id their 
constants. 

A viicuum liolometer was employed during a large part of the ob- 
£=erving seasom Thescn.^-it|veness was so much greater that consider- 
able improvement in the work on the investigation of the distribution 
of mdiatlon over the busies disk was possible. 

Redeterminations w^cre mnde with great care on the form of db- 
trifautioii of the solar energy eun'e outside the ntmoaphere- New 
mirrors of stelUtOt a hi^rd iiontamishing alloy, were suhstitnt&I 
for the Slivered mirrors of the spectrobolometer. It is hoped tlmt 
the work of lOlQ will indicate conclnsivcly how the sun’s variations 
affect the distribution of energy in the solar spectrum. 

SirMMARY. 

Preparation of apparatus and equipment for a new Rolnr-conElaiU 
tuition of iho Smitlisonian Tnstihitionj now located at Hump Moun¬ 
tain, North Carolina, led to valuable improvements in the bolometer 
and the pyranometerj and to the invontioii and construction of a new 
instrument for avoiding computation in reduction of spectroholo- 
metric observations* 

A long research on the tmnsniisaon of long-wave rays by attuos- 
phoric columns of known humidity and carinju dioxide contents, 
has t^een completed and prepared for publication by Mr, Fowle, In 
vxpeflitions to Moimt liVLlson the observ'ation of the. uiiioimt ancJ 
distribution of solar radiation has been contmuiKl. In cooperation 
with the new station above uientione<l it is imjied to obtain much 
more ce^mplrle records of the variation of the suiiii now ^hown bv 
C'la^ton to be of git^at meteorological significance* 
fully ssiibmitted* 

C. Q. Aaetyr, 

I director Aatf^phytricnl Oh^eri^niory. 

FJr, CfiAaLKs D. Wauxitt, 

of fhr iiimithif&miin /nHiUuti&ii, 


Appendix 6. 

REPORT ON THE LIBRARY. 

St&: I huve tho Iioddf to submit tko following ixptirt on tiro 
activities of tlio libj-ajy of the Smithsonian Institution during tbo 
fiscal year eiidinif June 30, 

The Smitlisoniflji library was founded with the dehtiite plan tlint 
it ^lould contain publications of the sciendfie institutions and 
learned eooieties of tho world, together with a collection of |>eriodical 3 
and pnblieirtions of a scientiHc nature. The most important function 
eonternptatccl was that of reference for research in the broadest 
sense, and in this connection a complete collection of the catalogues 
of the libraries of the world was also oontemplated* This policy has 
been continued with the result tliat the vast scries of scientific publi¬ 
cations in the Smithsonian library, now niniibering s half million of 
titles, has Iseen brought together. 

As early as 1865 Secretary Henry realized that it would not be 
possible to adequately care for the entire collection in the Snilth-^ 
sonian building, even if the entire builiilng were devoted to the 
purpose; and a special act of Congress authorized the Lilmiry of 
Congress to assume the care of the maLn library of tlie Smithsonian 
Imftitution, the Institution to retain ownendiip of tlie publiciitions 
and to have (he same use of the books ns if they were in its oivn 
building, and in addition to have the same privileges in the use of 
the Library of Congress as Members of Congress. Wliile the main 
collection h m the Library of Congress, there are itmallor coBeetlons 
here in the Inslitiitjon, i. e*, the books for office reference, dictionaries, 
cncydopedias, etc,, the Government branch libraries of the Astro- 
physical Observatory ^ Bureau of American Ethnology, and the 
United States National Aluseuni. All of these are confined to Sfpccial 
publications itdatitig to the covered by the bureaus, and 

^pplenient mthcr than duplicate books in other hbnmes. 

The lilimry^ of I he Smithsonian Institution is augmented in two 
ways, 5* p., by gift,, and through the eatchange of tlie Institution's 
publicTitions for those of similar institutions. 

JOHN TX>NNErX SMITH LTBRATIT. 

In lOO,! Dr. John Dotinrll Smith, of Bultimorp* Maryland, offered 
to the Smitlisonian Institution his botanical library, consisting of 
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m-qr l^SOO volumes, to nccompanjr Lis luTbariiiin, to which it is closely 
reluted. The proiwseil gift wus the most vuliiuble of its kind that 
liud been offered to the loBtitutioii, und it will be of great asrist- 
aiice in the development, of botanical research in the Museum. Tire 
eondiLions were that Doctor Smith should return po^ct^iori of ttie 
books as long as be desired, and tlmt when his library aliould come to 
(Ue Institution it should be kept separately and each book sliould 
bave a hookplate indicating that lie was the donor. A plate was im¬ 
mediately designwl and engraverl, and the ex-libris lalieLs were 
printed and sent to Doctor Smith, who had them placed in each one 
of the books. In Jannaiy of the present year the first consigiimeiit 
of these books for the library was received, and they weiie at once 
placed in u separate stack in the Smithsonian building and kept to¬ 
gether, The nunilwr sent amounted to 401 hound volumes, 100 
unbound volumes, some incomplete, and 293 pamphlets, 

BXCnAXGES. 

Special effort* have Ixien mailo to meet the conditions ooexlstent 
with the third year of war in the matter of presen'ing and pro- 
inoting foreign cschanga relations, and the generous responiTC met 
with has been very gratifying. On die other hand, a number of 
important piibticatioiiB have been suspended owing to the death or 
ab^nce of collaborators; and still others will be withheld pending 
termination of the war, while the uncertainties of transportation 
Imve resulted in the loss of a number of valuable pablicntions from 
idtroud. The iJolicy of broadening exchange relations with South 
and Central America has been inaugurated, 

accessions. 

Additions to the libnu-y. consisting mainly of gifts and esrhanges. 
were received in packages. Of these, were received by 

mall and 985 Ihruugh the International Exehunge Servie®. Corre- 
s{)Otidenec in connoetton therewith amounted to about 1,216 letters 
and S.lSfl acknowledgments on the regular printed forms, 

Tim ratalogiting, not including publications for the Bureau of 
American Elhimlpgy and tiie National Museum, reported elsewhere, 
covored .3^4(1 volumes und 41 charts. Of these. fi98 weto new titles 
added to the author catalogue and 6i» new periodicals. In ftdditioii 
to l,59f) printefi cards received from the Library of Congress, 1,853 
new* typewritten cnrtls were prepared. There were f>76 volumes 
Fccataloigued. 

SMirnsoxiAN jiatn libhary. 

Publkation? for the Smithsonian main library have liecn for¬ 
warded to the SmltliHonian deposit in the Library of Congress aa 
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rec^ivedt after being duly cDteriMl on ihe During i.Iie 

year 2 g^% 8 ^l of tbeso were c-ainlogucc] jukI iieee^ionedt ctnisitsting of 
301 purt^ of volumes, S05 piunplUct^t and 44 izhurtijj 
ther 6 b 3 ' extending llio H^fJCs^ion niimbem from 5^?&j256 to 
Several thoiLsnnd publications lenmined unaecessioned at the dose 
of the year^ owing to a position of cataloguer being vacant for over 
nine montKs^ The existing practice of tmnsferring to the Library 
of CongresSj without stamping or recordingt public dociunents re- 
ceived in exchange for Smithsoni»n publications, mainlr of a sla- 
tLsticai character^ has been continoedt with tho result that were 
forwarded In tJiis manner^. 

Duriug Liio year the titles of 757 new publications were aLlde^l to 
the catalogue. Want cards to the nmuber of 535 for series in the 
Smithsonian division at the Library of Congress were coiisIdof^dT 
with the result that 154 volumes, 571 parts of voltimes, and 51 title- 
pages were secured^ thus completing 44 sets to date. There were xe- 
ceived from the periodicai division 105 carda^ lictiou on which re¬ 
sulted iu secuiing fl TO^umc^ 3 ^ 79 parts of volumes, and 32 title-pages; 
jmd in response to 32 cards from the order division, 28 volumes and 
12 parts were obtained. 

The number of dissertations and technologic-al publications re¬ 
ceived showed a marked decrease over previcus years* They were 
contributed by the following: 

XoJ?=4-rlis:n Alt^iamlorR-UtilviTFiltet 1 Plnlau^ 

Tt^haloi'tip ILoe!h9cliu]eT BriwJau. 

KoOfEJij^i TeJniisckti nOi;Kdc0|i]n, .S^ochliolntL 

L-olvorsUy iif wnrtbaro. 

University ot rircrian. 

EvtSnIgnth Teclinijsclic HucJiaelitiloH DreiftleG, * 

refirren^ fibrary ,—The accessions for ihe oIIicq libmin't 
wliich ineludt?s the Astrophysical Observatory and the Niitional Zoo- 
logirat Park, amounted to 1.025 publications, distributetl as follows: 
Office libraryj 899 volumes and pttmphlcts; iLstropliy^ical Obserra- 
toty^ 55 volumes!^ IS parts of votunies^ and 39 pamphlets; National 
Zdological Parkt 11 volumes and 3 pamphlets, 

Jfe^dzn^ roo^?i.“The reading room lias now about 311 foreign and 
ilonicfitic periodicals, which have been in con^ant use by the staff 
and members of the scienttfio buFeaUf^ of the Government, During 
the year 3,701 publications from the reading and Teference rooms 
wero in drculatioo, of which 3,367 were j^inglc numbers of periodicals 
and 334 were bound volumes. 

TAtf aeronauti&d —The aeronautical library is probably 

one of the moat complete series on the subject in the tT^iited States, 
and the policy has bccu to inaintaiu it as such- 
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Bcfoii:; DoL''t<jr Langley ccime to the Smithson Ian Intititnlion iis x\s- 
sifstant Set-rtlttry he haJ made a collection of wliut had been pub¬ 
lished rehling to aeronautics. Later, when ho becajnc Sc?crctary and 
imblished his cpfwh-making works “ Experiments in Aerndj-iiainics ” 
and '■ Internal Work of the Wind,^ tli© number of publications was 
gfiidually growing, so that when his successful experiments were 
inade with the heavier-1 ha n-nir models llio Institution had the most 
complete library of aeronautical literature in the rnited Stjitijs. 
With this collection of books as a basis, a bibliogrnphy was prepm-E'd 
by me to cover all existing literature up to teinco that liuio 

the securing of piiblicaliona hns continued* and every possible effort 
has been made to have It complete. Dr, Alexander liraliam Bril, 
a Regent of the Institution, has alsio shown tin interest iii this col lec¬ 
tion by contributing his entire working library of books aiul news¬ 
paper clippings relating to aeronautics, arranged and mounted, which 
is a valuable addition in supplementing the series alronily in the 
Institiiticm. 

There are now on hand 1,009 volumes and 83 titles of periodicals. 
With lha dose of the year a second part of the bibliography of 
aeronautics is in preparation by me for thu Kational Advisory Com¬ 
mittee for Aeronautics, at the suggestion of the Secretary, which will 
complete the references from lllOO to the end of lOlR. 

Art ro£m.“->'o additions have been mode to tlie collection of pub¬ 
lications rriatliig to art in the art room. In view of the fact that all 
of those relating to the fine arts have been placed in tiic sectional 
library of administration for use in connection with the XulJnnal 
Gallery of Art, and those relating to the reproductive pixicos^ for 
^ngraring have been placed in this sectional library of the division 
of graphic arts in the Museum. 

A’/npibyeca’ ?iir£try.—Tlie condition of the employees' library has 
remained practically the same as last year, w'ith no additions. If 
money were available it could be used to great advantage In adding 
Bome of the latest lUemtiire in fiction and other classes. The library 
has been in constant use, and 304 volumes were circulated during the 

jearHi 

John Peifii^r foJTcrfiOii.—This collection of Nnpolcona 

IB probably the most unique collertion of piiblicationa rcktiiig to 
Xapoleon in the United States, and was hmught together by Gen, 
John Wattsde P^yslrr to includi!! works relating to N^apoteon asa gen¬ 
eral. It covers the period from tlm end of the Napniconic wars to the 
present, great struggle. There are many calls for these publications, 
and some mcaus must be found to make them available. So far it 
has not been possible to do this with the present staff, and a cata¬ 
loguer with a knowledge of French history should lie employed for 
the special purpose of cataloguing this collection. Every effort ia 


BE1>0]IT OP TITE SEGtlETARV. 99 

l>eing iimtlo now to niiikc Ihti booLn nvuibhle, hit without an adequate 
catalogue they can not be nseci to the fullest extent. 

NATIONAl* Su:SKC3I LIHKAttr. 

The value of the libitny of the Xntionnl Mnsetim is largely clue to 
the sj-steiiintie eollecting of works relating to the subjects eovei'ed by 
the collections in the >Iiiseuni ami at the same time suppletuenltng ^ 
ftir as |X) 4 iEiib]o serit® in other libraries of Wushingtou. Tlio books 
an^ coiUfiilted by persons earrjing on research work in nlniost everji' 
branch of the Government sen ice, ineliJtling those who an? doing 
scientific work along similar lines. Tha pubUcstlons for the library 
come to tlu* kfuseum hy gift, by exchange of puhlic&tions, and by 
pi I rehaae. ifany im po rt:i nt gi f ta ha vo been recet vctl f rtun sf^i alist^ 
and those received during the year are given in detail, Tlio ex¬ 
changes, as U the cose with the Smithsonian library, have met with 
many difficulties raised by w'ur conditions in tlie matter of securing 
foreign publications, vvhicli have been but partially overcome. The 
situation in this resjiect lias, on the whole, shown no appreciable 
amelioration over the preceding year. Special eifiirt, however, has 
been directed toward nmintaining the foreign exchanges at the inaxi- 
luum compatible with existing conditionsi In connection with tills 
work 271 tetters were written in securing a number of new titles and 
in filling “wants” in many of the incomplete seta on hand. The 
appropriation for the purchase of books is very small and has been 
I he same for a number of years, nnd it is only by judicious ^ndmg 
that the uigcnt needs of the ^Iii5:oum can bo secured. 

The library was fortunate enough to secure hy purchase the fol¬ 
lowing three rare books, the editions of which are not represented in 
tho United .States: 

Boditnert. P.: Elenchns anltmillnni, I noicprlnml, 17S4 

Porotiir. J. tt,: AfrJkaaUrlien VflBcl, Hnlle, ITfifi. 

\mcir. A.J CataloFOOt . . , Vfifa'icii, etc„ p‘Gni%^ltHEe, 1704, ivitli 

scparatel}* ixibhI “atluabnuloiicalm;." 

dfeanw cotfeittwTi ,—One collaborator who had taken a special in¬ 
terest in the library was Dr. Udgar Mcams, the announcement of 
whose death was received with deep regret last fall. Doctor Mearos 
contributed piihlications to the libraiy each year as well as a coIIk-- 
tion of Korans, and after his demise his widow earriftl out his ex¬ 
pressed wish in presenting the remainder of his scientific library to 
the 5fii.seum. Tliie collection is especially neh in worfc on mammals, 
birds, and plants. 

f>aS eoffrc/iOTi.—The continued interest of Dr. William Healey 
pall in the books relating to molliisks, which form tlie sections! 
library of the division of mollnsks, has resulted in the further addi¬ 
tion of 307 titles during tho past year. 
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Otiier iRQmbcTS of the s«ientj(ie who ha’iO conLribukil lo the 
eellcction in the library iitej Dr. C. D. WjiIcoli^ Dr. (). F. Iiiij\ Dr. 
i\ W. EidiiQOtidj iD. W* IL Masoti., Mr* W 11 Helmet, Dr J, C. 
Crawfords 

—^Thero are now In the Milbcutd library 1^2^20^ publi¬ 
cations^ consisting of 49^^ volumes^ 82 JJU ptmiplilcts and unWinid 
papers, and Fil inaiiiiscripts- Of thesc^, 1,572 volimies, iiicluding (MO 
conipletccl volumes of pGrlodirali^, 5*056 paaiphletSt and 65 parts of 
volumes, were accessinned during tlm past year* 

—As in tlie past, new niAieria] Iras been promptly 
cnterc^l and placed on the shelves or fkssigued to tho sectional libm- 
ries* The cataloguing covered 625 coinpletod volcamcs of 

poriodkalsj and 575 pamplilcis: in addition* 10*142 jxiritKHctilft were 
entered. There were bL^j 4*522 section cards nnide out covering piib* 
1ications as^igm^l to sectional libraries* 

—The loans fiom the general library during the year cov¬ 
ered by tlib report totaled 12^6 publications; in which are included 
3*035 books borrowed from the Libniry of Congr^-^^H, including the 
Smithsonian deposit^ end 4b6 books borrowed from other libniries. 
In addition, 5,5M books wetts consulted in tlie reading room of the 
library. 

Bhidhig .—The serious situation with regard to publications re¬ 
maining unbound is being gnidunlly relieved^ but much remains to 
b© done. During the past year 1,377 finch publications were prepared 
fnr binding and Bent to the Governnient binder- Of these OSa were 
returned within the year. 

TecATb&hgiciil Additions to the techriologicnl library were 

compCK^d of 374 volumes. 3*826 parts of volumes, 802 pamphlets* and 
5 maps. There were filed 352 cards for Looks catalogued. A file of 
jipproximatdy 2,500 printed cards covering Smithsonian publica- 
flous was received and incor|MjrnteiI in the c-atidogue. In the scien¬ 
tific depository catalogue 1*507 author cai^ls weii;j filed, and to 4,515 
additional cards Buhjecl headings were added, increasing the cata¬ 
logue by 6,{S2 cards. 

Uociks find peritMlicals loaned during the year nitinbercHl l:l3 vo|- 
umoa and 297 parts of volumes and pumphlots, in a king a total circu^ 
lation of 433 puhiications. About volumes wrro coiisuited in the 
reading room of the library. 

Several sets have been mirranged and more logically classified. 
In addition, a set of clupHcwtos has been gone over* sorlct], iind ar¬ 
ranged by da^ number. Of the duplicates received 80 w ero volumes 
and l,32S parts of volumes and pamphlets 

Secti/ynal The series of publications in the sectional 

libraries were dormant until n few years ago. and uo effort was 
made to add to the collection of books in iht^ libraries the whole 
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matter being held in abeyance until the wovk on j-he collect ions had 
been resuriwl. Books on the various 5ub|ects covered have, there¬ 
fore, been sought and the number augmented. During the intenoL 
however, the future need of publications for working up tlie enMec- 
lions was never lost sight of and there was a number of I he serials 
hound end ready for use. Towani the end of the year two cata¬ 
logue I's were employed in the divirion of miueral teclmolngy to put 
the books on hand in the very best of order and for the tnaking of a 
special author and fltibjeet eat43logtiej so that with tlie clo^^ of the 
year the work has been completed and this sect! on il libi'ary is in 
excellent condition. It is hop^ that during the picseiit year it will 
be possible to do the same thing for tlie division of textiles. This 
will* how'everj not be possible witli the pressent force, which is too 
smalh 

IM-th ihc deatli of Mr, Tliomos \V. Sniilljt% who for many 
years curicnlian of the sectsrm of photography m tho division of 
graphic aits, it wm necessary that all books in the section should be 
checked np. A special cataloguer w'sa employed for the ptirx>ose and 
the books,and pamphlets were put in order and catalogued, periodical 
iieries arrangeii on the shelves and lacking niiml>ers indicated in older 
that sets could be completed. The work was finished by June 30. 

The following is a complete list <sf the sectional libraries! 


AiIinniEHtnitErhn. 
AiIniIntBimtIve assist 
nnfic PlUrp, 
AnthrfKptTlojiy, 
riliric»syr 
Bint’S, 

Etrplnay. 

CainlMinitlvi.' analnmy. 

tirUtor'fl 

KthnoEo©'* 

FlKhcsK. 

ForcHttw, 

tSeolog^y. 


ana. 

-r HL«^tory, 

1 Siiiwlfi, 

InwrtHhmte p ii 1 q d 

lolopry. 

XlHinniiriK 

^Inrlni* liivfirtehraCf^. 
Mnt^Tin mHlIcn. 

IndEiKtnn#, 

J^IecTtanEenl t€cliniil>u^'. 
Elfc9)D3Eolc 

MJnemt technology. 
Mlner.'il^. 


IhtUmlm, 

Clrieotiil urrh^HjIof^. 
PnleolKaniiy. 

- E^roflte^ 

miysiral arKhPup()li>(3;y* 
PretiEKtorii^ 

Vmf>prty cler^, 
llcntUL^ ontl bjitrnclilatta 
Su];M>rlfil;i,wli!nt^K uflk?<?* 
TirsMenny. 

TextHcs. 

YeftelinBl t? iml witnlocy, 


IICREAU IJF AJJKHICAN LTH SIH.-!HiY LlIltLJlkY* 

This library is adiniuLsieml under the direct tai^ of the ethnologist 
ill charge, and n re[>orton iLs operations will be found in the report of 
that bnraau. 


^ A8TrtOI»HYSJCA|, tmE^EItVATfUlT f4UHARY, 

1 he collection of rt^fetTiU'e works relating to ttStrophysiciJ !uis betm 
in coiLstant use. During the year 55 volumes. 18 parts of volume*, 
ami pun I pb lets were addeil to this library, 

tt51!Vi*^j,M IfUT- —S 


102 ANKUAL BBPOllT SSIlTHJSOKfAN HfSTITUTIOK, lOn, 

ATKINA L SHKJLOGICAL I'ABK IJHHAUTf* 

This collection contains puhlic«ti<»ni. relmtnj^ to the work of the 
park, and while not large is a stricily Wfirldng libraij. During the 
past year 11 volumes and 3 pamphlets were added to the series. 

St'MSlAftY OF ACCESSIONS. 

Tlie accessions during the year, with the exception of the library 
of the Bureau of American Ethnology, tuay be summarized as 
follows: 

To tlie Smltbaoiiltin deiKwii In llic Lllimry of CooRrccii. liMlutllue twrm 


to eofliplvie Mota ----—- 2,880 

To tlH* Stnltliaonlan offlee, Axtroplirnlcal OliservatoiT, and Njiiiomil Zoo- 

logtcnl Park,. ---.— I,OSS 

To Uie tTnltMl Stolon NatlolMil Mumount ---- 0.103 


Total _-- 9,101 


Bespectfully submitted. 

Paui. BHocKirrr, 

Ansuttant Lihrttriaji^ 

Dr. CiiAiona D. Walcott, 

Secirctarff of the Smithaonuin liuttifuti^n. 







Appenutx 1 , 


REPORT ON THE IXTER.VATIOXAL CATALOGUE OF 
SCIENTIFIC LITERATURE. 

hare the honm- to submit the following report on tJie opom* 
tiansof the Unilwl States Biireiui of the Internattonnl Ciitiilogiie of 
Scientific Litem lure for the fiscal year ending Juno 30,191T: 

This intemtitioiial enterprise was, at the hegiitining of the present 
war, l»ing carried on through the cooperation of the 3 J following- 
named countries: Argentine Eepublie, Austria, Belgium, Canada, 
Chili, Cuba, Dcnniark, Egy pt^ Finland, France, Genuany, Greece, 
Holland, Hungary, India nnd Ceylon, Italy, Japan, Mexico. New 
South M^ales, New Zealand* Norway, Poland, Portugal, Queensland, 
Russin. South Africa, South Australia, Spain, Straits ^ttlemenh!, 
Sweden, Switzerland, United States of America, Victoria ami Tas¬ 
mania, and Western Australia. Each of these countries supported 
a regional bureau whose duty it was to furnish to the central bureau 
in London classified index citations lo all the scientific litenitnro 
published within their several regions. 

As the greater part of these countries are now acluallr cngagiHl 
in hostilities it is natural that scientific research and pviblication 
would be much atfected, and that sucli an international cooperative 
enterprise as the Intemiitioniil Catalogue would find itself in many 
diilicuUtes. Not only have the number of seicntific papers being 
published greatly decreased but the difliculty of preparing and pub¬ 
lishing a regular index has incrensctl owing to the iinpossihllity of 
obtaining necessary scientific and clerical assistance to ahl in the 
proparutlon and publication of the Catalogue. The Loudon central 
bureau was. however, able to publish four volumes of the Catalogue 
during the HscpI ycur; these volumes were the twelfth annual issue 
of geology and the thlrtoonth annual issue of chemistry, anatomy, 
and botany. All of the eleventh annual issue has now been pub- 
lislicd, together with 15 rolomes of the twelfth annual issue, X3 vol¬ 
umes of the thirteenth annual Issue, and 1 volume of the fourteenth 
annual issue, making n total of 216 regular volumes published since 
tlio beginning of the enterprise in 1901. In addition to these regular 
volumes several special volumes of schedules, lists of jnumnis, etc., 
have been published. 


lot AsxtJAL RKPOjaT iTirsoNiAN I&17. 


^Uciiust 3,0(X).Of)0 refcrenq^ to turroiit piihOiziiiitiiis nm 

containcKl in ihi^ 216 volumes, about 12 per cent of Tvhtcb have Umjit 
fiupplictl by this binmu. 

Owing to the dangers nnd difficultics of transportstion much of the 
liiELterial prepared by Ibis bureau for incorporation in the Ceitalogiie 
during the prt'^^ent year hits been held until such time as it can be 
safely fonvarded to Liondon, 

It h not to be espi^tcd that tlie publication of the Catalogue 
can be regularly carrier! rni until after the return of peace^ but ii 
appears tlint the organization is holding together belter tluin might 
l>e esipected under existing conditions and, that when peace is declared 
it will only be necessarj' to resume, rather than teorganizeT the work. 

When it is |JOHsiblo for all rhe regional bnrofius tn fully resume 
the preparation of the Catalogue it Is to be hoi>ed that every efTciit 
w 111 then bo made Uy carry out one of the most imi>ortanl resoUitions 
adopted at the last convention of iho Internntional Catalogue^ held 
in London in IDIO, This resolution was: 

(1) To take all noaE^fhle stoiwt to prevent Tedaplicntleii h,v the p^lillcallot] 
of several aiiaunl mul ^liultur Catalojni4ai anJ taUese^ m the Maaio suhjeet. by 
nmlcItiR iLrniiigi^iuctitji bul'Ii hb these aew ta force vrlth Uai Zwloghral S^^ciety 
uf LonOnh, 

(21 Til obtalu further assistance anil cooperation In (be rrepnnitlnn uf Uie 
imitcnnl of the Oatale^nie from the priocliiaL sclentlfle Hoctetles anci academics 
and the ur^qrLtEHtfcons u-Mcb collect materia 1 for Inrin-Tlii ir iiclentiSc iKteiature. 

Scientific bibliographic work is seldom if ever self-supporting, 
and after the war it will undoubtedly be more than ever necessary 
to exercise evpty possible economy In the preparation and publica¬ 
tion of scientific indexes and yearbooks, so that the editoi^ and 
piihlisherH of all Hudi publications will find it greatly to their ad¬ 
vantage to dooi>emte with the Tnlernntionnl Catalogue to the fullest 
ta^iblo extent luid thus prevent the leduplication refcrreil to in 
the re^lution quoted above. This will benefii not only the Inter¬ 
national Catjilngiic and tho puhlishei^s of the other hibliogtaphii^ 
but will greatly lessen the Labors of librarians and scientific investi- 
gntors who have occasion to use such worksf of reference. 

More than ever before the line of deuuircalion between the re- 
scttix'hes of pure science and the practical npplication of such i-e- 
searches is being eliminatecL and litboratory experiments of to-dav 
may lo-niomw be in actual use in ways vitally afflicting the welfar^ 
c^f man. It la becoming more than ever difficult to define what ia 
pure science and what is upplied science and the heretofore arbilrarv 
thoEigh at the time necessary, limitation of the of the 

[lationpl f.'ntaltigup to include papery on pure science only should 
now be so broadened as to iucUide at least some of the applied 
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sctoncdA, which hftv© in the last few years advanced with such un¬ 
precedented strides. The inclusion of papers dealing with the ap¬ 
plication of scientific discoveries would undoubtedly greatly increase 
the size and cost of the Catalogue, hut on the other hand its value 
and use would be SO increased that the demand and consequent sales 
of the Catalogue would more than offset any additional cost 
Very respectfully, yours, 

LaoKAttD C. Gmo'unti, 
Aatiatant fn Charge. 

Mr. CuAiti.K9 T). tVAncorr, 

jS'iwre/nry of the Smithwman instUuticn^ 


Appf.ni>tx 8. 

REPORT ox THE PURLICATIONS. 

Sm: I htivci the honor to submit tho following report on iho pub¬ 
lications of the Sniitbsonian Institution and its branches during 
the year ending June 30,1017: 

The Institution proper publi&hed during the year 1 memoir in 
the scries of Contributiaus to Knowledge^ 1$ papers in the series of 
Miscellaneous Collections, und C special piiblicaiions. The Bureau 
of Aitierican Ethnolofjif published 1 annual report, 2 bulletins, and 
a list of publications of the bureau. The United States National 
Museum issued 1 volume of the Proceedings, 73 papers forming parts 
of this and other volumes, and A Bulletins. 

The total number of copies of publications distributed bv the 
lusUtution luid its branches was 158,7517, which includes 2,373 vol' 
limes and separates of the SmitlisKmian Contributions to Knowletlge, 
53.315 volumes und separate pamphlets of Smithsonian Mbcellanooiis 
Collections. 21365 volumes and separate pamphlets of Smithsonian 
Annual Reports, 04305 volumes and separates of National Museum 
publications, 11,984 publications of the Bureuii of American Eth- 
nolog}', 4,182 special publications, 23 volumes of the Annuls of the 
Astrophrsical Observatory. 29 reports of the flarrimnn Alaska Es- 
pedition, and 53 reports of the American Historical Association. 

CtJNTJdBrTlONS TO KNOWLEDGE. 

QUAITO. 

VOLUKV as. 

No. a. A contTltiDtloD lo ibe raintMiratIve IilntolaKv of ihe femur Bj J B Foota 
FetiroBry 0, IfltT. l)S-|-242 36 ]iIb. (Pul*!. 2382.) 

Tltle-pBt,'e nna table nf nmtvhta AprtI 4.1317. (iMUl, 1740 , j 

SMITHWLNIAX MISCELLANEOUS CtlLLBCTnONS. 

OCTAVO, 

Of the Miscellaneous Collections, volume G3, 1 paper wag nub 
lished; of volume B4,1 paper; of volume IW, 11 paiiers; of volume 37 
2 papers; of volume US, 4 papers; in ull, 19 papers, as follows: 
im 
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VOLVUlg 69. 

No. S, SJulEMonlnn Plir 9 lcftl Tableau Becoiii! reprint of s\Hh reTtB€d edition. 

By F. E. Furtlo, JniimitT ^01 Th acM^I+SSS pp^ (TubL 2200,) 

VOLt^MK Of. 

Nq^ 5, Cnmbrinn Gooloj^' ond E^nloouloloi^v 1X1^ No. S5. Frtmbrtiin trllobltes. 

Uy CTbarl?^ iK ^Valcvtt. Es^^pli/iiibisr 23^ 1310. rji. S<K^—pis, 45—GT. 
(PubUSm) 

yOUTUE so, 

Xow Pitoonetic tninwrlptloii of liuliun Itoport of ComniiUuo of 

Auiudt!iLii Autbropolo^-Ciii A^siuctiifluii. 15 (I*tibL 2415.J 
No, 0* MasluiIHh ii iiow isono^c of tropk^l AnjorltTin foma; By Carl CU4flHlisiirteii, 
30. JOiXI. 4 pp. (Ihibl, 2424, J 

No^ 10^ Throe rodoota from Atrivu^ Hy N. lloilljstor. OLlobor 20, 

1016. 3 pp. (Publ. 2426.) 

Xo. 11. I3a Lbk^ 04 % of iBo pymuonioUr. By C. G. Abbot anil B, Ablrlch. 
Kovoruber G, 1W16, 0 tip- (FtibL 2427.) 

Xo, IX Bones of ninniPiiula fn^in In^Bon ifdtvA lo Cdbh ofiii E&nto )3omlrk|;o)^ 
By GifTrlt Si. Jr. December u B^IOl 10 pp.. 1 pL (BubL 

2429.) 

Xo« 13. Tho toeib of n moD!tt?y found Id Cubu. By Ccrrtt Sw ill Her, Jr. Deeem- 
Uir a, iOm 3 jJlJ., 1 Id. iVuhL 2430.) 

XOp 14^ ih^linilnary Survey of Hlv reuiiilEia of tbo Chippewa settlements on Iji 
Polutb Bdiiiid. VVIseujishL Hy Bblllp Alnswortli MenteL Japuatj 4, 
3&17. 10 PJ>,. 2 uiuiML (Puhl. 2^133.) 

Xo. 15. Tbd% rehaurktLblo nuw si^jcJeri of birds from Sun to Domlnjfo. By J. H. 

IWUt. Brcviutier l, 1913, 2 pp. (l^ubl. 2^0.) 

NOi 16* The dctertnimitiph of tneieor orbltii in the aohtr sy^om, G, von X1««^L 
April 23, 1011, 33 piK (PobI, 2436.1 

No. 17* Explomtlotia uiad field Wi»ric c»f tho ^lulilmcmlnn IwMtutloii Ln 10BL 
April 20, 1017. 134pp. (illuHtmteil.) (Publ. 243&l 
Xo, 10- On the Decuirence of Benthoilesmua ntlantieus Goode and Bean on tbe 
iiijisl of Brit lab Ctaliimblm By 0^ H. Gilbert Febmary' 2t 1917. 
2pp,tB2bL2m) 

vonrios er* 

Xa 1. Cnmbrluti Goology and Pulrontolnn-, lY^ No. 1. Xomeaelutnre of 

C^nkbrJnn CurUUIemn fowimtUutH;. By Chnrl«^ l>. Wal-cntn Hay 0^ 
1917. pp. i-S, <riiLiL 2444.1 

No. 2. Cumbrian Gi*ology mid FoluontolMtOiV lY, Xo, 2, The Alliertella fuujia 
In llrlLlkb C>Luuibia nod Aioiitnna, By Charier D, WalegtL May 9, 
J91T- pp. f443&- pis, 1-7 p {ButiL 2445.) 

TOLUITE IS. 

No, 1. ArrheolOfdL’Ul iDvesUentiomi in No^v Mexlro, Colorado, and Utnb. By 
1, Wnltrr Pewkes, Mjiy Ifi, 19lT. itS pp. 14 pK (Fiibb 244X) 

No. 2, Bi^'aj^mltkpn aiimni; liiwTtJv By N. K. Helndoo. April SU, 1917^ 73 pp. 
(Fubl. 2443*) 
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ASSUAL REI'OUT KMJTtrSOKrAX UfSTHmOS, lOlT. 


JJa 3. Effuft nf eSiftct iitriod Viirlnliuna <jf gdliir niilliitlim m tin* nuntw- 

Irftef?. Bj' H. Hfilm ClnytOlU Muy 2l, l&ij. IS nn., « cimrtK. 
(Puhl, 2-H(L) '' ’ 


No. 4. Pn'liHiliUHfy rllnenoslB tif new awnimiilji olttalaci] bj' I’nle-Njitianul 
«(?«lfni|Ale RoeJety Ptnivlnn Ejtiwtlltlon. By Olilfleld TJutnma. 
April la 1U17. 3 (PiitiL 244T.) 

.SMITHSONIAN ANNUAL. RKPORTS. 

Owing to t],e congMtion of work at the Govenmient Printing 
Oflitffl oil account of tlio vrar, tbe SmiUiSiOniati Report for 191(5. which 
was really for printing in April, was not yet uff the press'nt the 
<uu!ie of tluj fiscal year. 


SI’KI TA r. Ur RT.ICATlf)NS. 


The folldwing S|wial piiblirntiom vrer^i issued during tlio year: 


P'uliJIi'ntloim of the Smltlifwnittii Iiiirtltmlim iwinNi iH-twww 
Juoif aw. until 3 rpi li'ultl. 2422 .) 

1‘ubllLiitJiiiw ipf lilt* SmltAsuiiinii [hiirltntlun i«aurt1 Loiweeii 
St-ljiiAilier 30, lOia 3 jijj. (PultL 24251) 

(‘oMlciiUons of tho Sniltlistunliiii liiatitutloft ifntini Jwtwwn 
iHTtwIsT 31. IPIO, 3 liji. (I’liM, 2437.) 
rubUniiioDii at (Jw SmlUiBonliin Iicstltntlon bwu.Nt 
Jlarth 31,1017. Ip. (PahUO+tS.i 


Jnnmiry I an. I 
Jmitiiirj- I iitHi 
Jiinuarr 1 tihii 

Jantiiirr i umi 


Tlie SojlihHiiB inn I nutl rut Inn ntp^-rtfitl vo rolder). i T (PuhL A Q) 


i'rBLIf’ATIONS rip THE UNTTEI) STTATES NATIONAL irTTSErM. 

Tlin pnbiicntioiiri of the National Museum are; fn). Thp nnn,. i 
report to Cotigrtsa; the Proceedings of the United States nI 
lioniij Mtisouni; and (c) the ]iul]e(in of tho UniM Stnfes Xaii„nai 
Museum, which inriutles ihe f’onlributions from tlie Unitwl 
Xationnl Horharium. The eiiitcnhip of these publications 
in Dr 3[[irL-UH Ek^njamin. 

During (ho year tJie Miiseiim piiblishctl 1 voltmia of Uie 

in^ ancl wparntc papeiv forming parts of this and other volumes' 
a nd 0 Bui let i tid. 

The isfiiicH of the Proceedings were os follows: Volume afl- voh,™« 
hi, papers 21^9-2172: voimm, 52. papers ai7^2l93;\tJCir 
pnpere 21Wr-22fl6. aupg. and 2210-2212, 

The bulletins wpi-c as follfiT^-s; 


ll-nll^ln 71 , A nioiui^in[:k|i uf tbu fomiiibUferu f>f tho Vorrh 
VI. inildMfU-, hy hmDi^ A 


Taclflc Ooenti. Psift 


JiKPorrr cir thr SECftRTAHY, 


lOfl 


Bulletin 03. Tilt- liiiirn4ule^ (CLrrt^iiKLIu I contJiliigil In the eellcctJdm of 

tliG TJ, S. Nritlohiil ^tuscTJin; Indudltn,^ n munogrupli of the Amcrienn ttrie^^los, 
by Ue^nry A, Pilffbry, 

fluUeiln M. A fiyruipals of Aoittkiin early TeriSury Cliellcstotoe HryoMBp by 
FoftJtiiJiuiI Guitu null Ray S, Hn^^lcr. 

Bullutkii OS, The birds of the Aiuunbii Biliind;). by Harry C. Oberholaer+ 
Volaiuu Coiitrlbutloiis frmu the r. B. Nattonnl nerljurluiu, 
teiiuitle Jnvf^tlimtluns \n Pluinerogoju.'f; fcnisi, anti uKus^setc," l>y various 
niithor^ 

Voluoio 17. Goiitrlbudiaifl ftam thL- U. Sw NulLoheI Hcrbrtrluiu outltleil "Sys- 
teoiHlU- liivei^MLELthiTifl In Jbhena mat ferns, oiid other ITiuJivi^ubs;' 

by yarlotb^ autbtr% 

PUBLICATIONS OF THE BlTttFAU OF AMEIIICAJC ETTHNOLOCT, 

plIblie3liJOfl^? of tLe bureau are dijsctissed in Appendbc 2 of the 
SiisCreiary s repdri, TJie oditoria! work of the bureau has cfjntinuod 
in duirgd r>f Mr. G* Gurley^ editor. 

During' tlie year, I anniial report, 2 bulletins, euilI o Uht pf luiblira- 
tioDi^wete issueiL as foJlows: 

nilrly-dnit Amujal Xleport of the Burvon of Anaericuu Ktliaology (t'^atainlnjE 
ail ft^xoiuptinyini; imptar •^alfiiBblan Myibolu^ (Bows)}. 

Bulletin 4<i. ijurt 2 tallied Ivy Boasjp **Cbqai, nu Ulu»ttrntlve Mketch.*' by Ijs^ 
i. Frnehteuber^. 

Bulletin SS, Fllinobotany of the Town liidliitiK tiy roibbim Knrrlnjtiurt, mal 
Krelre-Aiarreco. 

of iiubUnitlotia of (he Bureuu of Aiuerieun Ethnology, 

At the cW of tile Jbcnl year tliere were in press or in prepamtion 
4 nnminL reports mid 7 bulletins, 

BKI'OIIT (IF TIIK AMEUICAX HISTORICAL ASSOCUTION, 

Tile nnnuftl reports of the American Historical Assneiation are 
traiLSinitted by tlie assodiUian to the Secretary of the Stnithsonimi 
Institution and &vtt (.•oiimiimicated to Congress under the provkions 
of the act of incorjiDtiition of the association. 

Volume 1 of the annual report for lfn4 was issued during tlie 
year, and V(}luuie '2 nf this report mid the report for 1915 were in 
press at the close of the year. 

ULl'llHT OF THE NATIONAL SOCIJ5TY OF THE DACdllTERji Or THE 
AAIKKICAN UETOLUTION. 

The manuscript of tho Xinctetmth Annual Report of the Xational 
Society of the Daughters of tlie Atuerknji Resolution for tho year 
ending October 11, 1910, was cotnmiinicated to Congress on Feb- 
niary 5, 1917. 


110 kSSVAL BRt’ORT SJfflTIISOlf LSS rifSTITUTlOK, ItHT. 

THE SMITHSONIAN AOVISOUY COMMITTEE ON PRINTING AND 

PIJBUCATtON, 

Tiie editor has continued to servo as secretary of the Smithsonian 
advisory committee on printing and publication. This eomnuttee 
passes on all manuscripts offered for publication by the Institution 
or its bronchos, and considers forms of routine^ blanks, ond varioua 
other matters pertaining to printing and pubiicatiom Sisteen meet¬ 
ings were held during the year and 101 manuscripts were acted upon. 
Bespcclfiilly submitted, 

A. Moiv^Aao C1.AIIK, JFi/iiftfr. 

Dr. CuAKLES D. Walcott, 

Seeret^ay of the Snutfiwnifin Instiiuttfm. 


REPORT OF THE EXECUTIVE COSTiriTTEE OF THE BOARD OF 
REGEifTS OF THE SMITHSOSIAN I^iSTlTOIOM FOR THE 
YEAR EXDIiNG JD.NE 30 , 1917 , 


To ih^ Board of Hegsnis of the SToMhsoiiiatt IiuttituHtmi 

Your ex«putiv'o commUtcc respectfully submits the following re¬ 
port in relation to the funds, receipts, and disbureemente of the 
Institution, and a statement of the appropriations by Congress fur 
the National Museuiit, tho International Exchanges, the Bureau of 
American Ethnology, the Ncttional Zoological Park, tho Astrophysi- 
cal Observatory, and the International Catalogue of Scientihe Liter¬ 
ature for the year ending June 30, IPIT, together with balances of 
previous appropriations; 

HMiTusosu?? t^^irrmmos. 

CoatftJten 0/ the /anrf JuJvJ, JS17, 

J^tion 55&1, Kevised Statutes, reads as follows; 

Tbp Secretarr of the Trvflflnir la mitliortsoeil Rorl directed to twelve Into tbe 
Tftiiisiitry^ i}a tlie sami? ttMiiis ui:i tli& orljfLiuiL ii-f JumL'fl SmltKwkU fnlcb 

mtm h 9 tho 01115% from tSmQ to tlnie, see Clt to dopoiflt. 

with the oflgjiukli bequeath tbc sum oT OD0 nilLLJoD doUars, 

On July 18,191aDd on January 1017, two amount of $2,000 
each, consisting of saiviug^ from income, were deported in the Treas¬ 
ury nf the United States and completeil the tot^ detxwit of $1,000,000 
allowed by law. The ajnoiint of each fund so deposited aud drawing 
interest at the rate of fS per cent per annum iii given below: 


SmltJiwn rand,,. _____ 

Ilabvl ____ _ __ JjOOOQ 

tlauiHiou fuml ____________ % 500. Ou 

Hoiluklna funiL._^„. _____ _ _ 00 

Hlieea -— ___ _^_ CDOlOO 

Avery ftnd - -- -__ H, 000, 00 

AOdlsoa X Held ftinU— ....... . . 11,000. ^X^ 

Lucy T. anil Geotico W, fund __ 20(070.00 

fleorge K. Sanford fund _______ 1,100.00 


Taial fund Ui United J^taies'Truafqiry __ .. ___ 1.000,000.0(1 
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112 ANNFAt RKKiMT SSIITFIEW'iSlAK IXSTTTUTIOK, IDU. 


OTIIU JtRCmultClSK. 

ItesteterwJ Rud guanuitcnl 4 jht wnt boadw of liw* Wes,t Shore 
lUllniflfl Oo., port of legacy of TJKunaii 0, fT<tdt;]cln!( ^imt 

VEltUti) ________ 

C.‘ctu]Km S per wilt Imtuls of ti» Iiroipk]yti tlaplil Tru)ii«tt Oji, due 

July I. mis (cfuti)___ 

OotitHio d pep ceai lwiiiit4 of tlto Acgmriite Natioti. iliw !>&' Iti 
m»T twjit)___ 


942,000.00 
n.OlO.GS 
Svooa. 7?: 


1,002, m 3S 

Also three aninll pieces nf real estate, two of which are LiaprovcJ, 
hwatvil in tlio District of CcHumbia and bcfiuenthcd by tlie late Robert 
Stanton ATcry, of Washingtoti, District of Cohimbiu. 

ffafenicnf of rttvipl* »hiI ttfutiumtirraU from Juljf /9JS, to Juflc Sfl, J 9 i 7 

uKoiOmi. 

Cssh «n tlcpofllt amt In safe July 1. lOlO_ _ _ _ __ 

Inteimt nn funtl d^iiDHliLHl Id ruUHl S^tatos Tretuniri- <' • - 

iluu July 1 , iDitl, DOtl Jnn. 1, 1017 _ _ . tiTiO.Siaso 

Intewist ott West Shure ItaUmud lamila due July i, 

101ft, nnd Jnn l, lOn_ ____^ 1,080,00 

bepaymentj), rentala, publliattliiaii, Htp- - _ 10 ^ ^ 3 ^ ' 

CiinudtiUtlunB far siie^iftu imrpnQes __ _n)[o30.{)U 

-Sa.fMfl,53 

lB3,at!0.ft4 


DIKHIKSEUlUtTm 


ttulldlngR, cue oad repalrH..,, 


JF urjKiiijnty nny uxnin^ __ ^ ^ 

SalnrliM^ _ 



llmJnjrjt __ __ 



SEAtloTwry _ 




W, 802.23 
— 1.504,4ri 


('<wtui;e. ti'leffmph. ntxl tetepheiu.'..__ 

frelgUl----- 

luddeiilala, faiil, lunl llgliLM_— 

Gsiesr_ __ 

Ubtuty___ _ ___ 

Pnfallntlons and ttielr ilUtrlhnilna : 

Ulscellnneoiis Colltietlaitis______ 

CuhtrlliutEnni to Knowlnlj^ _______ 

Kepurts __________ 

Special pnhlimtlans____ _ _ 

E^1bllntlon suppltes ... 

SRlBPke..„,______ - ’ . 


— SIB. 25 T. 4 S 
68,00 
l,St4.T7 
'■salts 
SttC-J 
1.21T.C1 
2.4RT.4t 


— ^4,fi8tl4 
— * 


flp 100, DS 
S 3 I.OO 

420.09 
1S2.47 

7,088, S3. 
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K^cjUcituliiisiM^ rt^iinlii^ mill i‘iplli^tloii?i _______ 

FliKigkiDS sjMwltte ftttHln rTe#eflrcl]i3«, ami tiiittllmtioiiH .__ 6^ 408.24 

Intisfliutloiuil Exi,4iuiigc^__ ____... ___ S. 88T, D2 

QiiUtiry of Art,.-...,™-.,.— . . . . lOl (Ki 

Larrslor AmKlyiintnlnll Ullifirslot^- _ _____ 2^ 0(82,60 

iH^feOsilt to irrcifit of pcnDHiient fuiii.l_____^ _____ 4^000,lX^ 

Advnnets for Helil expeitsc^ _ _ ___ - - 2i!>( fti0, l? 

Brils rccelTuble, certUlcat^ of deposit_ . ____ _ _ 25, 000,00 


124,127.08 

DepikfcitiHl uith thn Tftfijain.T of tho irrtlte<] Kinit*^ nml 


fn tjfmlc ----^ ^ . ^,(m.nG 

Cosh on band ______ . 200,00 

- r-fi 


133, mix m 

Tlio itemized report of tlie auditor eonfirn^a the ton going Ftate- 
ment of the balances, receipta?, and e^pendit.iim^ and is approved. A 
suminaij of the report follows: 

Capital AimTrCOL^ aiEntaMtoTAK Baitk RTmiifNE, 
TFflt^Kurrtwr, D. A w^iiAf 
VMAmUie^, Boon! of Rtmai*, ImWKUon. 

5 ih; Wo tuive PXHmlnnl tEo aceiHintf) fiml \-i>Lio]iofif at tho E^uilrE^nhiii In- 
atMutlnn for the fiseal jroftr oRtIwl Jnn»? 80,1017, and eertify tlio fallnwinjr Id be 


a correct stateoioint: 

Total illrthurBcmciitF! _____ 8124. T27.B8 

Total rcedptL__ _ ___ _ 88 , 0 ^ 10.52 


£Ixcv«a of Ulf^ursciDonta ovur _ 47B^ 46 

Amount fmm Jalj % ___ 1-1,711.03 


BfLluEoe on luind Juno 30^ 1017_^ ___ 0.332, 50 


ItaloEc^* na jihown hy Trcfisur;>‘ idiiloiTicnt tis of Juiic 30, lOlT _ 13, 057.71 

r.c»i outstnndinjE cEiKjui^^ __________ 4^ 1 iQ, 

Baluiico^^_ _ _____ __ _ 7.!K47,IM 

Balance Aaicricod National ________ Ip 085. 

Cash on haod^.._ __ _‘ _ 3fX3JJO 


liuluncc JtiJu- 30, 1817^^,.,.^^ , _ . ____ a2SE2.B6 


The Touches renreRcntlD? paJI 1 loot^^ (mm .SiiiltliKontnii Ini-omc ilnrln^ 
tTto year, oaeli of which tMmrs the amifoviil of the Spcrotnty, or In tls abs^oe, 
of the AirTtop Secretary, aofl si cortlflcato that the aintorSftTH nml services 
rhargud wore niJ^ineii m the of the Inedtudonp huie been cjamined 

in coimertlon with the hchaks of the Tnutftntlen ami a^ree with them. 

CAiTrAL .Mrnrr f^O., 

Hy WrixiAM L. r.tnoEn, PrcA£<|enf* 

All payments are made by check signed by the Seerehiry on the 
Treasurer of fbe tTnited Stutefi and all revenues are dopo^iU'd to the 
ctvdit of (lie same account, except In aome in,< 4 itnces sninll deposits 
are now made in bank for convenience of collection. 
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\ our coitunittcc bss uppi^i'ed of ttio deposit <»ti tiiiiG in stron^r 
Washington banks aiid trust companies of a part of its c«id) re¬ 
sources not immediately required, and has been able to obttun inter¬ 
est thereon at the rate of 3 per cent per aiinuni. It is believed 
that approximately $1,000 can be added each year to the revenues 
of the Institution by this procedure. 

^ our Committee also pr^ents the following suuitRai'y of appro- 
priatiojw for the fiscal year 1017, intrusted by CongreiiS to the care 
of the Smidisonian ln.stitution. balances of previous appropriations 
nt the beginning of the fiscal year, and amounts unexpencled on 
ilunc 30,1017, 
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fffa/rrriCMl fl/ irfcvjwiir /nf>wi ihr. fmid and /rowt fllA^ 

»<»vrr^, wmiifii and jjn>jffWfirr, tft ftc- irrixii/afpr#! duritw the jliipfll ifnar ending 

June St^, l&IB- 

Bnlnnc0 Jun* ao. mi_ _______ _.. f9. m 56 

imU rK^lvutiT^? ---— ?25.ooaoo 

tutemit on fimd dejiwilteil ta Unllod ^tnlc^ TroAKury 

flue July h IPIT- niul Mn, 1, Jlfll8_.. __ m,mKM 

Interoft on West Bailltmf] boDdo duo July lft|7, 

and Jan. 1, Ifwa —...._ _ ___ 1,080,00 

i^^xcluinp?? repojiurnfci, ralo of imhUcutliins, n'fuml of 

advADccSp Intcmil, etc --—--- 11 ,q:m.43 

DeiKrelts for epcciflc jmrtioaott____ ___ J2.000,tX> 

- 110 , 30 *. 40 

Total Mvatlulile for year miJiuif June 30. 1018_ _ 110,537.1)0 

BcssfKjctfuUy submitted. 

Georoe 6»av, 

AiiExanoer Graham Bell^ 
SleNxerr W, BonEitTii^ 

JS^ecutive Caitmiltec. 
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PROCEEDIXCS OF THE BOARD OF REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION FOR THE FISCAL YEAH 
ENDING JUNE 30, 1917. 


AJimTAX MEETlNGp DiECEMBEIt 14, 1910. 

The Board of R^^gents met at tlic Imditntion at 10 o'clock a. m. 

Present: The ITon* Edward D. White, Chief ifiistice of the United 
States^ Chancellor, in the chair j the Hon- Thomas R. MarsbalL Vice 
President of the United States; Senator Henry Cabot Lodge; Sen- 
ator Henry' F, Hollis; RcpresontatiTe Ernest W, Roberts; Represent 
tativc James T. Lloyd; Dr. Alexander Graham Bell; ilr* Charles F. 
Choate, jr.; Mr. John Bp Henderson; and tlie Secretarj^ Mr. Charfes 
D. Walcott. 

AFPOlN'^tMENT OP 

The Secretary iinnounced that on Decoraber 14, 1915, the Speaker 
of the House of Representatives had reappointed Mr. F'erris and 
Mr. RobvrrtSt Memisers of the HimsPt as Regents, and appointed Mr. 
James T. Lloyd, of Mi^uri, a Regent to succeed Mr. Maurice Con¬ 
nolly, whose term as Hepnesentative bad expired. 

Tlie Secretary al^ announced that Dr. A. Graham Bell had been 
reappointed a Regent hy joint resolution of Congress approved by 
the President on February 21, 1916, 


EXEcrnv’E coatatirrtiE afpointmxnt. 

On motion. Doctor Bell was reelected a member of the executive 
committee. 

HESTONATIOX OF KEOEST. 

The Secretary reatl the fallowing letter from Hr. Andrew D. ^^Tiita 
tendering his resignation as a Regent of the Institution: 


I And rew D. C^«ll UfilVFMitj.J 

Ithaca. N. ¥.+ 7i 

rn.vjLEfi i\ WALfxrrt^ 

^^rrrftitrp of thr ^mUhM^Uin fn^tutUm^ £P, 0. 

Mt DtAs Mr. Rotetaitt; thermit me immt respectfnlij-* tbn>a?ti 

jou to tho Bc?nnl of Regents of tJic Smitbsouisa lattltutlua, nir reslgnatloa 
<KSia3*^M 1017-S 1 IT 
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fmflii In tMr liomtrtiblo budy* ify for so doinif bi thvi fact 

limt tbo lnUrvifiK^ of iti^c huve niacie Jt <if liit£ vi^rr illHIculE. If nsit Jtupos!fib] 0 « 
for mo to ffuiler the i^eiripes witleh tint Justly froni evoryoDO honored 

by Hucb lEiomN^rvihlp. 

Mny I MUk yoa niso, in m dolnjt^ to titx9.^i for yourself and to tetKlcr to the 
boards witli u!$?nriincci of my aliwere roaffeei, toy mi*st heiirty tlimika for Ui^fir 
iinTRryiiiK! siul roiirteny In aU the relutloEia hemwn lu, 

I rvmaUiT dtur uihI hotioml air, nwtioctfiiJJj yonri^ 

Andrew ti. ^rhixK. 

Scnntor I^odgc offoreU tlic following resolutions. wUich were 
iinoniniously adopted: 

Wherww the Etuinl of HfeuutH pf the Smlthsootiiu loiuliution huvini^ lenrnul 

iliat Dr. Aiulrcw- DicloHiii White has tenileml hie rcslgtintlon a nt^ent; 

Tlterefore he It 

Tbiit tlhj board recordit its cloep rognd at tbo v&emnt^ of oOlelul 
rifUtfiami with their dlBtLihrulBbed eoUeii^c, and their appr^-luLlnn of hli 
mlus'fl i^nrliM* to the liiBtItutioii extending over a iieriCHi of notirij 20 yetira. 
That the Rejia^^iits dealre to etmvey to Doctor White no oxtire^hiTi 
of their sincere hoi«? that the future mny bring to him the full mL-ojAure of 
hfipidneafl tliat Comen froui n iohg life de^otH to hla country imd to Uio wolfure 

of nun n id An t 

SESOLTmOS lIllliTJVK TO INCOME ASJ> EXPE^^PTT^ThE, 

In the absence of JiiflRB Gmy, ehairniun of the exi^utlTe committee 
Doctor Bell offered the following rreoliition, which was adopted; ’ 

ffewlrcrf. Thftf Hie ln«mie of the Iiwtitutlnn fur the nscnl rear eaillna Jane 
Jfti, 1018, lie JiiiprujirlnteiJ for tin- win'Ire of ihe liiMiltutIfin, to i>x[ieinlc<l by 
I he 8<eietiiry with the ndvlte of the Eixeeutive Goinmfttie, with fmi lUM'retloii 
Oh the twirt of the Sorretnry os to Itema 


AXXC'AL IiyJXiItT OS" TSE ESECmvE t’OMMTrrEE, 


The Secrelary submitted the luiiiiinl re[K>rt of the executive com¬ 
mittee, showing the flnancinl condition of the Institution for th 
tistal year ending June 80, l!>16, stating that it had been supplied to 
the Regents in printed form. On motion, the report was adopted. 

A.V.VDAL IIEI-Olrr OP niE PEBIIANEKT COMltriTEE. 


The permanent committee stibmitteH the following stiitemenf* 

/iW.-Xo furlhcr allotmenL. frem this^mdTare Un 
ma<le on accoimt of the LBngley Aerodynamical Ulmratorv 
An allotment of three yeare has been made 

^ 't J r °l Observatory 

of the Smiths^mian Institution, for the maintenance of an astronhvJ 

cnl station id the Argentine Republic for the purpose of determin'ino. 
lUe tninsmisaiou of the suns rsys through the atmosphere Thf 
details of this proposed work have been given by the Sccreta ■ 
bis annual report, ‘ 


FBOC£:EJ[>t^*GB OF BEUESTS. 
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As previously reporttxlt the sum of $2,000 wns ulloUcd from Iho 
ilotlgkiiis fund to Dr. F. G. Cottrell for tlio conduct of cxpcrimentt; 
in llj« clectricnl j>teci pita lion of fog, Thcso experinicints bnva been 
concluded and Doctor Cottrell lien; submitted u report, 

Chamlicfitun —Your committee reported &t the lest meet^ 

ing tlmt Dr. Tjounder T, Chnmberbiin had made two bc^lucsU to the 
Institution, one of ^2%,000 and one of $10,000, each of which was to 
be known as *‘TIig Frances Len ChainberluLn fund,” Tbc Iwqiittst 
of $10,000, the income of which is to bo used for promoting the sci¬ 
entific value and usefulness of the colli^tion of itioMusks now in the 
Xational Museum and known its “Tho Isaac Lea collection," has 
been received and invested in two abort-tctni bonds of IJOjOOO par 
value each, 

Fisewf adiujsers . — Your committee met at the Smithsoiuan Insti¬ 
tution on December 28, 1015, and Secretary IValcott explained the 
necessity for action by the comndttce in the niattcr of the mrestment 
of the funds of tlie institution over and above the $1,000,000 in the 
I nited States Treasury authorized by law, and on his tecommeiida- 
tions resolutions were adopted appointing the American Security & 
Trust Co., of Washington, District of Columbia, and the firm of 
Spencer Trask & Co., of New \ork City, os the fiscal advisers of the 
committee. Both of these coticernis have ucceirted and w'ill sen’e 
without charge. 

Vomolid^aed fund.—Th^ Secretjiry spoke in relation to the ad- 
vantages in forming a consolidated fund for tlie purtiose of pix»ltng 
all of the fumls that might belong to the Institution, with tire eit- 
ception of the $1,(100,000 in the Lnitcrl States Treasury, and after 
discussion the cotntiiiUco adopted resoliitionn approving the policy 
of such a consolidated fund. 

^ Freer ,lrf tfofZrry.—The Secretary retorted the receipt of tho 
$1,000,000 provided by Mr, Charles D Freer for the constTuctlon 
and equipment of the building to contain his art colJectiuns pre¬ 
sented to the Institution. This sum had been deposited in various 
banks and trust companies, ns follows: $000,000 at 3 per cent and 
$100,000 at 4 per cent. 

On motion the rejjort of the pertiianent committee was accepted 
and approved, 

.^XNT'At HEPOUT of tltn SErRCT.VKT, 

Tn presenting his annual report of the operations of the Institu¬ 
tion for tlie fiscal year ending June 30,191(5, which had been printed 
and sent to the Regents, the Secretary .said: 

TItp putiUcfttlDDR of (he IntMmdon and its brnnrboR issued tslcoc tho tiist 
•ueettna of th« Resents Dumber li3, uRKvecatina about T.fWO pases and 775 
plates nf lllustnitloaN;. The [mttltuttun projier issued (E: Tolnmes ood paiuph- 


150 ANNtUL REPOBT sMiTnaoifiAK iTisnrunoN, i-Oil, 

1,‘ta {Vljm [Nipcs ftisfl £71 Jilniea), tlio .Vftlloiyd lIiKstimi 4S volunwa Jini! iiaiu[ih- 
lers ( 4^t22 p#KW an'l plntes), Aud tljo Buremi of Atucrlcmi KtJiiViltW a pufch 
llffltioiM (600 popea Rtii! H> plales). Ttio Wtnl rnmhcr of corlw nf nil thew 
flortf!s uf piibUcotlonS illstrlbntrtt during th* jwir yrnA al^ut 201,500^ n Isi- 
.a-PAw' of mi»rc Uinn 50.000 ovce tlic prectdln^ r«ir. The niunuil report ri 
the Anicrlcfift ^iasodntlon and i>f the Nntloiiol Society of the Douch- 

tent of the Atoerlctm Itevclutlou were mlw) tranBmltted thniUBh the liMtlmtlrm 
tj (’tmeresfl, as nMinIml by Inw. 

jVs paanl Ihesi' piilili™tlDna wer nenfly every brnneh of iwtnml and flp- 
pllcft seJflDOj, AjuoiiB diose of the InstUtitlon pra[*er I may inetition two 
jittlN'rrt on fteronnutlcsv one on wdsd tonnei esperlmentfl nt the Ma&SHohiisettJ! 
fiiHitHite of Teehrohifg^', the other on the ilynamlcal stiihlllly of aeropliuic^ 
iMrth by .4jwtslBnt Naviil Coitstmeter J. C, UnttHikcr nnil usanciuteit; four 
papers from the A-H-trophyalcwl ObscrmlDry of the InKtllutloii rlwlliij^ wLili Koj 
inatnuncnts used ntid (VtiBerYiilJoiis mnde hry the otoservutory fitalT In the simly 
[,r soltir rndlallont tliree puin rs by your Sdretiiry ileserihlri^ Jihs ref^nrehea 
In t’lunhrlarL aiul jiiili'outoloByl two reprints of the SuiUlia4ialan f'hynb 

rd TnhluM. tunde tioCTKiary by the derannil lor thla ’iiseful worki a (miier by 
Cheater O. GllberU of IlnJ Xatioual iluBcum. m soureta of nitrogen .did 
[ nmniW in the Ifnltod Simes. which nttraeted consldernble nttcntlon; and the 
nanul senilpopalar urniuiii of the wplonitton imd neld work of the Institution 
tlurttif: the ywir, which was more ejctenalTe and more pTofusely llluittrated than 
oior before. 

ftf Hperiai Intert^t nioonisr the pmnerona iinNeum ptibllcntlonK may be men- 
iloned a romiJete .|(.scr1plLve ratalo^ie, by Hr, (1, T, ilerrlll, of the vbluahle 
iLtid Mtenulve met write culiertlon In the National Muneum. 

The Smlilisonlnti report atm In nppeured earlier than ever before, the efim- 
fdete velynte for 1915 holnp recelvial from the primer in June, loia. The 
ehnritee !n the alie of the olltlun from 7,000 to lO.OOO copies has proved very 
udmmnfieous. 

tXaiioMl J/usBvm {irwhitfinff Xatio^nal OaUery of rtW).—In irnlnv 
dcpnrtnieiits of tlio Miiscuoi e.^teiisive and vnluabb collcctiona bav*6 
iK'on actjuifcd, (bough none of the additions cnlk for special men¬ 
tion in tbLs connection. 

It ifl, however, considered very important that, at lent ion be drawn 
to the iiiad(K],iificy of tUe present appropriations for ouiTying on the 
teclinkiil and exhibition work of tlie Museum, ntid while this de¬ 
ficiency applies in varying degree to all branches of the Museum, it 
Is now more especially felt in connection with the art-indiUitrjal col- 
lecitionSs The ridiwt as a whole nnd the most varied of their kind 
in the cniintry, planned by tbo Board of Regents in I846j, though not 
organizcvl until l&Sl, and now filling the older ^Insetim building as 
well as the main and western halls of the Smith-sonian building, 
these collections are nt present adminbaered by so small a technical 
.stair thut it is impossible to make creditable progress with their 
dasaifieation and public installation, though it is through the devel¬ 
opment of these branches that the Museum offers the greatest prac- 
licjil benefit-s tn the public at large. The immediate increai in 
funds required to attain tliis pur]Jofie ia relatively iticoiisidcrabk 
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hut until oven this ^mall sum b jwunecl the of tlie ilu- 

fitum must be gn?iitly inipuirocL 

OaTkrf/ &f ArL —Pn)mini?nt jimoiig the ropmwnt^l 

in the extensive gift by Mtp William T, Evana of rnntemporiify 
Ainerieim paintingi? is Henry W. Banger^ of whose work the gulkry 
jjoisse^ses four csamplei^ Mr. Banger died on Jfovenibcr 7, and by 
ilie terms of his T^-ill the Xiitional Gallery of Art b mnde n perpetual 
opiiojiiil partieipunt in ilio income of his estatej the value of which 
has iKVffn estimate<l at $250,000. The paragraph relating to the gnb 
lery, w ith referen™ to which it mtiy lie siid that Mr. Ranger survived 
hia wifi^ bail follows: 

« « * * * • *^ 

(2) rp«o tlie'cloftth of mj Kill wlft% nelen EuCum Hansvrp U fllie be KvlJig 
ht the i\nw of lay art If my w'lfe nut living tit the itme af luy 

ilt'iiib. rlten as mnn after nijr Jowtiiie as njay priicitMihk^t I direct that my 
uii ilre rew I linin' estate be |mUl aver to the >hitUaial Atiidemy nf Ik^Sgn^ the 
lirlnrlptil la lie Itept iavested.! nm! lim tneeme ltier«.>f to be ^^s>cot by the council 
of Bald iKucloiny In nurcliuslag jialiittnica produceii by AiiierU>iia jil-tleftit, at 
kMiMt tivchthSnlpi (2/y) of Riicli tneome to he vpLml hi tlie purcliaiH^ of w-jrks by 
artists who tire forty-Avt^ yenra of uKe and over, Jt rt^tnaSnlup optional with Ihf? 
niuncU to spend Uie rematolng one-tliird {l-^lp or any part tticri.^of, |ti the pur- 
clmst- of worka by youo^r nrtlets. All pleturcB s!o iiun-haaeil aro to be given 
by the c^mntil to art tuHtltutionn In Aiwrlcp, or to any llbniry or alber iiiz^lltti- 
iUmn hi AiwtTlca uiulnttilnljig a gnOery o|ien to tlia publlCp nil savli glfls to lie 
UEHin rlie eiprt's^r euriditlon Hint the >iilliiiial Gstllery at [I3blii;,luiip admlTiJs' 
U''TtHl hy the JSinltbstmilnn Instltate pIiiiU Nivn the option and right, without 
rost. TO tnte, reejnlcit uiid own any picture for tbelr t:]d1m:tlDiip pn>vlii<Hl they 
l■£an!lA^ riovli optltPU mid riglil ut iiny fInH! during the ave^year pcrl<i.N] beginning 
ten yenra after the nrtlat'a detith nml ending Jlfleen yean? after Ms death, uiul, 
tf jujch optlert and right Is not es;ert4i:ikH| darlug such ihtIoA the picture ahall 
reniiiln and bn the property i>f thv li^tltiitlon in wlilcb It wils* Urnt given. 'I'ho 
won\n “ Auieiicfi " asitl ” AiucHciitl r’^ n-'*eil idiove ahnU bi^ cojistrued as eqiilva¬ 
lent to " Xortli A Eller Em ” and " Xortti American rcBpcctivt-ljV 

« * 4 * * * 4 

Iiriefly rinulyased, t1i& purport t>f this bcquvkt is timt the National 
G111icry is given the opixjitunity of scliueting* aft^r ei lapse of a 
period following hii? death sufficiently long to e>itfihlirth an artist's 
Ktntiding. such of his paintings purchased from the Rimger fund as 
may he iTgardcd as desirable, without being placed in the position 
of refusing any* In the long run the gallery should derive very 
great benefits from this generous remembrance. 

Freer Oeller^ of Arf.—The board will recall that at tho annual 
meeting of December tl, IfllS, it approved the recommendation of the 
Mpeoiftl lOQimittee on a site for the Freer (iallery of Art that the 
building bo erected on the comer of the Smithsonian grounds at 
Twelfth and B Streets SW. This si to was subsequently apprOA-ed by 
the Federal Cotiimission of Fine ArUs, and also by Mr* Frecrt who 
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tiAnsfcrri'd to tlio In^sttiution Uto $1,000^000 iio d set oniila for tha 
construction of tlio bn tiding. 

On September 2^1, 1916, work was formally inaugurated by Hr, 
Rathbuti, as Acting Secretary, wbo after a brief addras:; reciting the 
history of tliis grout gift, turned over tbo Gist spadefiil of earth on 
the site selected. At Utis time the work of c.Tcaratioli for tlie foiindu' 
tions is proceeding us rapidly as possible, und it is cApecteJ to com- 
pleto Ibe building in two years, os estimated. 

At the time of the original offer, tho coLtecliou ootiaist<M.l of about 
2,300 paintings and other objects of art, but It bus since been in¬ 
creased to ^,346 items, including American paintings and strulpturcs, 
the Ti\1iihtlcr collection and oriental pidntings, pottery, bronzes, and 
jades from Ghina, Japan, and other Asiatic countries. 

It is alsi> gratifj-ing to call attention to recent announcements 
from Mr. Freer, that importtmt additions are still being procured for 
lib coUectioQS in the Far East; that scTeral cUfilinguished c.'tjairts 
are prepanug flescriptive catalogues of parts of the collections; end 
that two Japanese artists are «t work mounting and making reaJv 
for exhibition in the building tiio remarkable series of Chined 
paintings, constituting one of the most valuable features of this im¬ 
portant donation. 

yatUtnal rortrait fff/Jfery.—The sccietarv Called attention to the 
desirability of adding to the National Portrait Gallery, and stated 
tlmt one of the Itest paintings extant of Joseph Henry, the first Secre¬ 
tary* of the Smithsonian Institution, was tiow in the rooms of tho 
Si'rgeant at Amts of the Sennte; and that u pninting of Henjamin 
M’fSt, made by that great artist liiiiiself, was in the Senate libriry 
committee room. He thought these should be tomeyt over to the In- 
stitiition and aiiggested that a committee be appoinltHl to take care of 
the matter. 

After discussion, ott motion, Senators Lodge and Stone were ap¬ 
pointed a cominittco to c^mtlder tho means by which these portraits 
miglit 1 h‘ trRh:iferred to the care of the Institution. 

iiuiTitu of Kthrioloffif. —'I'he researches of the Bureau of 

Amcricun Ethnology have been successfully prosecntctl bLiico the 
l>L‘^nning of the present fiscal year and a large body of inami.Hcripta 
is in bund or in process of printing, E.xcavat1on of a large puchltj 
mill in the Mesa Verde National Park of Colorado has Ijcen 
ducted with tho cootiemtioii of tho DopiirtmenL of the Interior* 
field Investigations have lieon conldnued among the remnant tribes 
of soiitheri) Culifomia, the Fox Indians of Iowa, the Quileutc of 
M Bshington. the IrcKiiiois of Ontario, and tho Cherokee of North 
CarolinA: and tbo preparation of memoirs on other specific tribw 
as well as handlioolts on gem-nil subjects of etlmology and antbio^ 
polugy, ore iir varying stagea uf completeness. 
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National Zt>olo^ir,:i /’(ij-dt—Tlio lutest action in thn prooecJings 
for acquiring land boLvreen lUo park and Connecticut Avenue 
tinj decision of tlio court on Januaiy 28 j setting aside all re- 
tuniuing Iwndits assessed against neighboring property. The valua¬ 
tion of tlio land to bo taken tuid tho cost of tlio proceedings together 
made n total of tbe sum required for the purchase of 

the land. The nppropriatiou of $107^00 origin idly made having 
lapsed, and etfoits to bnve the necessary appropriation made at tbo 
lost session of Congress having failed, aa item for the sinii requii^ed 
has been submittcil in the estiiautes for lDl.0, with a clause to iimko 
it a continuing appropriation. 

Cooperating with the Xew York 2kjological Park and the Phila^ 
delphia Zoological Garden, the park agreed early in the summer to 
share in the expenao of sending an experienced man to SouUi Africa 
for aninuds, llic supply through the usual animal dealers having been 
almost enrirely cut nil. Advices jnst received from him indicatn 
that he ia having much success in securing animals, especially fimm 
the zoological gardens there, which also are anxious to arrange for 
exchange with similar institutions in this country. The relationa 
(.■stablished by Uvis means with tho /.oological gardens and mitumlists 
of South Africa are likely to be very valuable in the future. 

On November 1, lidtl, Mr. Ned Hollister, for ficveral years oasis)- 
ant curalnr of mammals in the United States National Museum, was 
apixtintfid supfrintendent of the Xntional Zoological Park to succeed 
Dr. Frank Baker, resigniKl. 

Ohiiu;ri'iJtoi'y morh ttn 3IovJit iritMOft, JftJC.^Messrs, 
Abbot, and Aldricli oeciipkd the SmitluiOiiian observing station on 
XIoimt Wilson, California, from .Iimc to October, lOlU, inclusive, con¬ 
tinuing the seriesi of oliservations of the solar radiation in order to 
follow the variations of tho sntl. 

E^espite murli iinfiivornhlo wentlier, very BatLsfactory results were 
obtained along sevunil lines. From numerous experiuients it is indi¬ 
cated that the solar nidiation, ns in ISIS!, was decidedly higher dur¬ 
ing line than during the snn-sp«t minimum period wliich culminated 
in 1913. 

The new varnuTn bolometer and stellite mirrors were introducetl in 
the sptit:trosco]i(;, and a long scries of careful determinations was 
made to detormino the tninsiiiMon of the .«f|Hmlro3copp in Uiis form. 
Xliis new vacuum bolometer is about 50 time,s as scjisitive as iL5 
proitecessor: 

^fany eipcrimciits were made with the dcw instromeot, tbe p^Ta- 
nometer, on the lipht of tli-e sky. A new tiiethofi of cletcrmining tlm 
solar Vflnation by aid of tbe pTranometer is hmip trietb which, if 
fiiti'ccssfiilj may enable many ob^Tvers^ not able to undertake the es- 
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pcnrfve unci conipliciitL^d investigation with tlio fepectrolKjlometer^ to 
take tt part in observing the variability of the sim. 

The Liifk/jhy Acrotlf^jinffiieal —At the annuo! meeting 

of the Boortl of Regents held Deeeniber 9, 1915, the Seerettny Hi- 
ported UiAt autliority for the appointment by the President of mi 
Advisory Committee for Aeronautics had been granted March S, 
1915j and that the advisory committee hits been appointed, and 
further that— 

In view of the am! onmol^tlon of tha Natlonnl Ailrtioiy Cornmittee 

for Aeronoottr^p It Is nor orobablr ttiat lh& SmlLhsuoUm Instliatlon will 

flnii It noccesary to CflUbUsb an ureotl^EiuinlcaL Mboralorv ^''^r cSpeiimoiiiiLl 
pnrpoBcs; 

In tlie act approTcd August 29^ 1910, making appropriations for 
the iinvftl service for tho fiscal vrar 1S17, thorp is nppmpriatod for 
the Advisory CoiQinittee for Aeronautics $S5,000 in ndditlon to the 
Eum of $5,000 previously provided. This appropriation is for thp 
necessary expenses of tins cotmnittco and for experimental work, in¬ 
vestigations, and ]JubIicutions, 

In tho same act there is also appropriated $3,500,000 for aviation' 
and in the Ann}* nppropriation act, also approved August 39, IPIO, 
there is made available for the same purpose the sum of $13,281 .OlVo! 

Tour Secretary, as chairman of the executive committee of tho 
Xatiutial Advlsoty Committee for Acronauticsi, has given oonsid' 
emble time and thought to the development of anatloii in connection 
with tlie needs of llie Goveniiueiit. ^fany meetings of the commit- 
tee have been held und visits mode to tho principal plants whero 
there was n prospect of tho dovclopmcnt and numufactui'e of aircraft 
and iiiolors. 

The pix«ent prospect is exceedingly fiivomblo for the manufacturo 
in quantity of an efficient aircraft motor at plants in New Jerc«v 
Boston, Detroit, and Biitfalo, ’ * 

It may he of interest to state (Jiat the biplane is tho standard air¬ 
plane nt present, and tlicre is an immediate prospect I hat high- 
powered biplanes and possibly triplanes will be largely used where 
great speed and diinbiug power arc essential, 

All allotment of $2,500 for the study of problems of (he jitmos- 
pheta in reladcoi to aeronautics has been made in cotinectioti with the 
United Stahw Weather Bureau to provide for the Wginniug of an 
investigation which will ultimately result in tho mapping of the 
atmosphere over tho United States and adjoining areas nplo n Imi^ht 
of 20.000 foot *= 

It is anticipated that the Adviaory Committee for Aeronautics in 
coapemtion with the War and Navy Departmonts. will at an early 
date have facilities for directing experimentation and investigations a‘t 
suitably equipped aviation grounds, or laboratories, as a p|i7t of land 
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ItfjOO ncires m extent near Hutiiptqy, ^^irginia, has been puix^iuEed for 
in this connection. This first great aviation field will be knoiiVn 
as Ijiangfcy I'ield. - 

—That the Eesearcli Corijomtien has con- 
tinned its gmwfh <lurmg the year is shown by the fact that wherena 
in my last report, 1 stated that its salary roll for the ensuing year 
would be in the iieiglihorhood of at the present itaie it is at 

the rate of $120^000 a year^ 

Tlje development of ihe Cottrell precipitation process has gone on 
to such an extent that it is now being employed for the precipitation 
of the lUist in the air supplied to factories and to timiiy other places 
where it is essential in protecting the health and Lives of employcciji 
to rid the air of dust 

Fog pn^^fpit/iHon.—Xs stated at tlia last meeting^ an oEotnient of 
$2j000 froiti the IlfKlgkins fund was made to Dr. F. (1. Cottrell to 
further his studied and experimenits in the electric precipitation of 
fog. Ho has rendemi an account of e:3rpenditiires under this allot- 
inent and sabtriittcfi n full report of his \vort, which indicates that 
ilie dispersion of fog by elertricity is well within the houDds of pos¬ 
sibility, The question of printing this report is now being conridenuL 
trust fundi —Work under this fimd by Dr. C* IliLrt Mcr- 
riiim 1>een continued along the lines mentioned in prevlnns re- 
ports. Field work in northern Culifurtiia in advancing studies pre¬ 
viously nnder way in ijtliTioIagy and in the geographic distribution 
of animals and plants w^aa carrietl on during the latter part of the 
Mimmerj luainlj" in the Clear Dzike region and the uionntains to the 
northward; hut work on the big bears has occupied the greater part 
of the year. 

A revision of the species of grizzly and big brown licars has been 
preparcii for ihe pre^^ but owing to the absence of adult specimens 
from certain IcH^nlities. sevorul problems still remain uiisrdved. The 
effort to ^enre the needed luaterial been pressed with renewed 
vigor. As a re^ilt it is gratifying to report that almut 150 skulls^ 
Including iiihilt males of specie^ the mules of which were previously 
unknown^ have boon added to the ooilectionf chielly from localities 
in Ala^^ka, Yufcnii Territory, and British Columbia. 

AlheHa iU^t ftrUhh. ex/tt'ddhn. The Secretary ixfuLin- 

ued his geological xvork tihmg the Contincntal Divide of wii^pteni Al¬ 
berta and eastern Britisli Columbia^ with the object of detennining 
the genlogicsd horizon of the subfauna of the Cambrian series of 
roc^ and the deteriiiiniitiQti of tho age of a geological formation the 
position of which htLs been cnllcii in question by Canadian geologists. 
The two problems were Avorked out (juccessfully and some collations 
of fossils were secured. Mticli larger irsidts Avoiild have lioen oh- 
taiiidl if it had not been for the unusual cold atid the heavy snow- 
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fulls in iliiy mii] June, uml for the very wet unil L-old weather Jiirlng 
the summer months. 

liornfo and Cdeheft —Meiitioti has been made ou sev¬ 

eral occasions of the generositj of Dr, IV. L. Abbott, n coUaborutor 
of the National ^luseiiui, whose pfts of cthnologkal and zoological 
specimons to the nuiscum have been lx)lh extensive and valuable. In 
1012 Doctor Abbott contributed u, .sum of money to definy the ex¬ 
penses of an exjiedition to Borneo, and annually since then he has 
udJed matcriully to his contributions. Since the buit meeting he has 
given $4,000 for the continuatiuu of these ex[>loratioDs, which are 
being conducted by Mr. II, C. Ravein Tbo last eijKxlitiou, which 
started October 10,1915, includes the Dutch East Indies, and particu¬ 
larly Celebes, from which one Bhipment has already been received 
while a second is on the way. Doctor Abljotts conlributions to these 
expeditions now totals around $17,000, Formal acknowledgment of 
these generoTis gifts has been made. 

DoetQr Abhott'ft Saido DomUiffo pzipaJiYi^m—Doclor .Vhbott has 
but rwontly returned from a collecting trip tlimugh the klanj of 
riatito Dotuiago, West Indies, and has given further evidence of his 
interest in the National Museum by presenting to it the results of his 
labors tliure, vix, 230 anlJuroiiological apecimens, 70 birds, )J(J mam- 
nials, 20 reptiles, 100 insects, and a colleclion of luolliiaks. Doctor 
Abbott is now preparing for u trip to Ibiiti. 

China, A. dc V. Sowerby is still coiiducttiig 

biolcDgical exploration work in Ahinohuria and 11011 hoastern China. 
This expedition has been financed by a generous friend of the In¬ 
stitution who will not permit his name to be known. No Jetailcti 
repoi-t of the work ia possible, tliough it ia progressing in it satis¬ 
factory nmnner. 

The CdUnti-Oarner C'onffa expedition to the 

French Congo ami nclgliboriug parts of Africa htm betm arranecti 
for the purpose of colhwting notund histon- specimens for the Na¬ 
tional Museum. The membere 0 / the ex]>edition will be ytr \ifr„ , 
M. Collimi, of Philadelpliia; Mr. KoWrt U Dftriier, Mr^ C. \V Fnr 
long, and Mr, Charles H. W. Aschemeier. Mr. Collins ag^es 
meet the exfwmiM of the first threo gentlciiien Tiamed. while the Insti¬ 
tution will take eartt of Mr. Aschenieier, who gi>es as its spuclnl rep 
rosentatlve. The exp^lition will Icjive New York in a few duvs and 
is to return in abciit me year. 

A'lrehj-^n inJddt n Mr. fleorgi- Heyc. of Now York fins 

presented the Institution with a collection of material fTOiii kitchen 
middens iJi tlie Vfta-i Indies, which oontnins matter of gn-at interest 
including Irones of new sinicies of inntnmals, and additional mah^rial 
is ebxpcctcd. 
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Cfirmgia CorportUifiii gift of iSpOO to ftitcnuttlonal Catalogue of 
SaantiPc TMeratiire ^—Tbe I titemiUlotm] Cotalogue of Scientific Lit- 
cmluro has been confronted with serious financial embarraasnient in 
the issuing of its annual eofalopie by the difficulty in collecting suli- 
scriptions oT^ing to the war in Europe, Tlie Eoyal Society' of Lon- 
Uon has been kindly making up deficits tmtO this year, nhen an 
appeal for aid was made to the United States The interest of the 
Carnegie Corporation of New Vork was enlisted in the matter and 
that establishment eery generously contributed tho sum of ^,000, 
making possible the publication of the fourteenth annual issue of the 
catalc^c. 

C'inchana. Itotau^cat Statioru —The British Association for the Ad^ 
vanoetnent of Science, which has maintained the Botanical Luboni- 
tory at Cinchona, Jamaica, for many years, annouticed some time 
since that owing to financial difficulties tlie station would probably 
have to be closed^ 

This decision was considere<l by a committeo representing 14 
American institutions engaged in Ixitanicjil research, and after dis' 
cussing the stutement of tho Jamaica Government that the station 
would bo leased at an annual rental of ?250, secured the necessary 
amount. The couunittoe then concluded that tho matter of the lease 
of the station should bo placed, in tho hands of a widely rccogniKctl 
American sciontific establishment, and invited tlio Smitlisonian In¬ 
stitution to act as agent in. this connection. After pinsidcmtion, it 
was decided in the interest of bolanicul science, to accept the invita¬ 
tion, and aecor^liiigly the Institution has received tho subscriptions 
of tho 14 liotanicid institutions referred to. totaling and has 
taken steps to secure the lease. It is iindersluKHl that all questions re¬ 
lating to tho admission of investigsitors will 1w deteniiined, during 
tho canlinnance of the Huro])ean war, by the Colonial Govemment. 

ADJOtmNSJESTT, 

There licing no further business: to transact, the bojird adjourned, 
after which the Regents viewed a small e-vhibit of anthropologicnl 
and technological^ material, iRustrnting some of the lines along 
which the Institution works. 
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Tlie nbjret of the GfiSEHAi* ArrESDix to the Atiniml Report of JJic 
Smitluioniiui Institution is to furnish brief accounts of scientific dis- 
Mwsry in pnrticuliir directions ^ reports of investigations tniide bv 
cotiaborsitors of the Institution; nnd lucmoirsof u generul character 
or on speciiil topics Riot are of interest or value to tlio numerous 
corresjptnidents of Uio Institution, 

It has Iwen a pmniinent object of the Bimrd of Regents of the 
tSmithiionian Institution, from a very early daltj to enrich the aniitiai 
ri'port rwiuirod of them by law with memoirs illustratmg the moro 
leiiiiirkable Atid important devdopments in phyaical and biological 
discoi eiy, as well as showing tlie general eliaracter of the operatioiLs 
of the Institution; and this purposjo has, during the greater part of 
its history, tiecn curried out largely by the publication of such papers 
as would possess an interest (o all attracted by" scientific progress. 

In 1800 the Seerelai^', imluectl in part by the discontinuance of an 
annual summary of progress which for 30 years previous had been 
iiBHwl by wcil-known private puhlisliing firms, had prepnretl by com- 
jwitent coUaborutors a series of abstracts, diowuig concisely the 
prominent featinrs of i^nt scientific pmgre;® in nstronomy, geoU 
ogj', mcteurolug}', physics, chemistry, mineralogj-, Ijotany, jtoologi,- 
and aiithrojiology. ITiis latter plan was continued, thou^ not nltiJ 
gether satisfactorily, down to and including the year 1808 
In the report for 1880 n return was made to the earlier method of 
presenting a niiscellnneons selection of papers (some of them oriel 
iial) embracing a considerable range of scientific investigation and 
discussion. This method has been continued in the present report 
for 1S)1T, 

m 
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Th& idoA of employing powerful explosives as interior chargor for 
projectiles dates from tlic discoverj* of giiticotton by ScLiuubein. On 
I he appearancB of this substance its explosive iwwer and its insolu¬ 
bility in water imniediatelj attracted the attention of the military 
services of the different countries to it* Up to then blaok powder only 
ftimishcd the interior charges for shells and 

In France the pyroxylin commission, presided over by the Duke de 
Montpensier, carried out numerous tests for the purpose of detenuin- 
jzig the pracrticability of tfiis niEiteriaL but repeated explt^iuns^ in the 
bore, of pTOjcctUes charged with guncotton cnu^l the abandonment 
of tlie researches. 

ft was not until 1B80, folloAvuig the work of Turpin on the priming 
of pime acid, that the question of charging projectiles w ith high ex- 
ph^dves was taken up again in France^ and tlib led to deiinite residts* 

h OTATf2 I>F THK QrESTIOX. 

The numlier of explosive substances which have i>een prepaml up 
to the present time b very considerubJe, However^ in spite of the fact 
that many of them are empWed in the Industries^ only a very sniull 
numlier of them can l>e utilised in charging projectiles* Such use is 
subject to inij>erat[ve conditions which markedly limit the domain 
from which one may select an explosive for artillery. 

A projectile exerts destructiva effects on an ohstaek either because 
of the kinetic energy' which it pos«ssc^4 at the moment it strikes upon 
it or becaii^ of the energy liliernted hy tim detonation of the interior 
charge of explosive which it carries. Finally^ and if the obstacle is 
very resistant {such for example as pfatca of armor protecting the sides 
of ships) ^ experience ghows that the effect produced by the detonatian 
of a charge cxplixled in cocLtjict in gencrah insolfioient to cause the 

* hj permlqlap friHii tin- rplli^ 9iUtcm XdTHl VhqI 45, 
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riiptui ‘0 of tip t>bi>tuck. This can not be accomplished except by tliG 
pti:!5siige of the projectile itself tlirovigh the armor plnic. If it is 
»oupiit to sweep away ohstmetions, the potential energy of the ex¬ 
plosive charge carried by the projectile should be exercised at this 
point. 

Inasmuch as a charge of cxploaive can not be projected to a great 
tlisUincc without its being inclosed in a highly resistent metallic en¬ 
velope,* it foUoTvs that in practice they will alwBys produce siniiiUone- 
GiKly tho destructive effects of the characters considered above. 
Finally, one umy consider the destruction of the peisomie] ns u prin¬ 
cipal piirfwse in the employment of shells charged with iin explosb'e. 
In this ease one will sect to effect the rupture of tho body of the shell 
into a large number of fragments animated with the highest poi^'ible 
initial velocity. In addition are the notable destructive effects pro¬ 
duced by the shock of the explosion wave on the persons who are in 
tl^ proximity to the center of explosion, Tt is evident that endeavors 
w'ill he made to produce the one or the otJier of these effects. 


1, cnAHACTF.atsTic.'i or rxnjJsivES. 


In order to secure the results of the study we propose it is expedient 
to study these m detaU. We recall at tlie outset certaiu elemenuiry 
news conceming tl»e characteristics eftsential to esxpl<«ivcs. 

In this ncgiml an explosive h theoreticaUy defined by certain dam 
the chief of which are its force, F, its potential, i?, and its rate of 
<letomition. The force is represented by the following expression. 

V 

373 


m whichp, reprints the ntmospheric pressure (which is 1.033 kilos 
per sq* ™ J» J volume, m litera at O'- C. and 760 millimeters of 

f IT “pl«sion of I 

expE. ^ kmperaturo of the 

potential. <? represents the work corresponding to the in- 
dcfiiiite expansion of the above mas: of gas. If E designates the 

piSo^" 


The rate of detonation is that of the propagation of the phenome 
non of explosion m traveling thrangit a lead or tin tube filled wTth 
tltc expioaive u nder consideration. 

lackeu «plo»lw rharBs tj- „i 
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FLnallj, the definition of an e.^>loaive from the point of view under 
consideration is eornplcted by a knowlij^tlguj of its aptitude for deto¬ 
nation wLieli ifl evidenced by its scnsitivenei^s to the blow of a liam- 
mer of ^ven mass (M to BO kilos) falling from £l determined lieight, 
or by its sensitiveness to detonation by a detonator containing a 
given weight of mercury fulminate. 

The following table gives the values for tbo force and potential 
[icrtnining to commonly occurring explosives: 
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It may be said concerning tlie velociiy of detonation that it attain.^ 
its maximum value with cry^tanine bodies such as picric acid and 
Jiitroiuannitc wlicrei it Is of the order of 7,000 meters per second and 
falls to about 2^00 meters in liquid mid plastic substances such aa 
ni( roglvccrin and dynaniite^ 

If We designate by tbo value of the ratio ^/C where 9 repre^ntx 
tlm weight of cxplodvo contained in volume C and a the oovobime* 
of the uiflsa of gas prcatLiccd in the explosion (that k to sav^ tho 
volume limit occupioil by this gas under an mfiiiite pressure), Noblo 
and Abel have fdiotvn that the pre^ure^ P (in kilos per sq. cul)^ 
developed under these conditions on the walls of a receptacle f? was 
defined by tlic formula 

i-oii 1 - 

Wlu'n the density of loading A becomes cnual or superior to l/x, the 
clenominiitflr of P becomes zero, and the preasurc is infinite. Re- 
^istunt as the euTclojie containing tlie exploaivc may he, it is tlien 
niptiireii and the debris projected. 

'iTie interior of a projectile being supposedly filled with the ex¬ 
plosive constituting the charge if its density is greater than l/x the 
preceding conditions are evidently fulfilled. 

■ Sotraii Itu pliQWIi tlMt ■lli> Tmlur of , I4 for all emikm rtrf qhwIj V/IOW. 
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^%»ble ami Abel's fcmnula Biippofics itiiplieltv ilmt the coinposilion 
of the gjisctoas prodocta, and as a eonsequcncc the covolutufl of the 
entire mii^ remain invariable wlmtcver the pressmxt k, As a fact 
it is not so in most cases,bccouEo of the oiwmtton of the principle of 
lie displacement of the equilibrium. In virtue of this principle the 
inci-ense of the pressure of the niajss of gaa causes, when the change 
is possible, the fonnation of more and more condensed compounds 
and, in consequence, the diminution of the covolume. 

It follows that the limit vahio of 1/A can be such tliat it wMl always 
remain less than a. Hence the pressure can not become infinite. This 
is the cjisft for gtmeotton. 

The increase m tiie proportion of the condensed products 1^, on the 
other lumd, generally erplaincd by the correlative augiuontation of 
the quantity of heat diFcngagf-cl, and of the temperature, of 
the explosion. The force yvill then increase witli the dcuisity of the 
chiirga. This is that which takes place in the case of picric acid. 

From the standpoint of variations in (ho phenointna of detonation 
it may be said generally that the ability of an explosive to effect the 
ruptnro of its envelope is above all determined by an elevntet] Tahio 
for its force and for its rate of detonation. Its destructive effect is 
chiefly a fimction of the magnitude of its heat, or contra, of ila 
potential. 

rFrKtTH or tut. uetonattisn" or TTiPija^ivTA. 

This summary of the tlieoraticftl views being disposenl of we tuise 
np the description of tlie effect'] of detonation. will suppose at 
tlie outset that the csplosive is aubjocted to detonation in free air or 
when contained in a feebly resistant envelope. On explosion the 
gaseous mas® which is preduced expands In the direction of least 
reaislnnoe: tltat is to aiy, from below upward. This jjrojcetion of the 
gas is accompanied with a violent aspiration of the layers of air in 
the vicinity of the ground, wlilch aspinitlon is indicated by a bru-sque 
(lepr€€3ilon of the harometcr whOfic intensity ilttiiiniKlics repidly as 
Iho distiinco from tho explosion renter increasea. Under tlie influence 
of this depression the air confined in near-by indosurea tends to os- 
cn[M' outward and project® in lliat direction weakly resistant aides 
Eurh as dwfa, windowti, roofs and ihc like. The etfret appears much 
tifl if a charge bud been cxplodwl within the incloeiure, 

f’utler the action of this moveuierit of musrics of air animatetl with 
a high hnrizoutal velocity the layers near the periphery of the gnsc. 
cius mass produced by the explosion, mid whtc:h are anminUal with a 
verlical iiiovcmeut, acquire at times a most complete voitoi motIcuL 
AI till', same time that this gaseous flow, which is often in a vertical 
direi.'tinii, is set up, the detonation pngendets a shock wave whose ve* 


PHOJECTILES COKTAKSINC PLOSIVES—A, B. 


i35 


locity of propiig'iition it> at fir^t touch ^'ciitcr than that of fioond, but 
which rapidly diminishes until it becomes the aitiio as sounds Thera 
is thus pfodcired an interruption of continuity am] we know that in 
this case the dilTcrence in pressuro existing at the front of the wave 
mid the medium in which tUo latter is propagated may attain to a 
very notable value. 

Numerous researcbes have been made on tins aubjocl in France and 
elsewhere. The more recent have been carried out by the conimisaion 
on explosives* which has reeognizftl tliat the limiting radiitt, of 
dangerous effects by the wave could bo represented by tiic formula 

r=AVf^ 

in which represents a length expressed in meters, C the weight of 
the cl Largo in kilograms, nml K a constant dependent on the nature 
of the explo^ve and the degree of security sought. It follows from 
this tJiat for different charges the distances at which corresponding 
mechaniciLl effects are produced are proportional to the sf^uare roots 
of the w'cighta of the charges. 

The detonation of 100 kilograms of melinite, for example, gave 
rise to a sliock wure at whose surface llierc oxisted a pressure greater 
tiian 10 kilugrums por sciimre centimeter for a disttmeo of 7 meters 
about the center of explosion. At 10 meters the pressure wa,s between 
5! and 3 kilograms, and at 15 meters it had fallen to less tlian one-half 
kilo^im. Kegurding the velocity of propagation of this wave wo 
find it to ^iro heen 300 meters j;er second in the vicinity of the center 
of explosion, 6.35 meters at 5 meters farther away, 300 meters at a 
distance of 00 meters, and then down to 250 metere per second, which 
is the velocity of sound. 

Tt follows from the preceding that a pereon located at some meters 
from the explo^ve charge will firstly struck by the prcft^ure from ihc 
shock wave, ivhich will Iw follow’cd by a sharp and sudden depression 
find movement of the air at high velocity toW'ard the center of the 
explosion. 

A fortuitous circumstance, recorded by 31. AnioiLx, has enabled us 
quite recently to elncidate.tlio onlcr of magnitude of this depression 
and to explain by the same tlia probable mcchanisju in numerous cases 
of dead bearing no apparent wounds wiiich Imvo been observed on the 
battlefield. 

hifist January 3f. Arnous rreoived from a superior officer st the 
freut a pocket aneroid barometer w hich Imd been put out of Eervice 
by the explosion of a German shell at a distance of about three nmtors 
froin the instnimcnt. On examination its parts were found iutai t 
but it coultl not r egister becaueo the two transmission levers ctm- 

•XlnaorUI Ilea IX'Uilm fl fiaJpenwi, lIHHm. £tui]* da i-ffnii dlirhon exiitfr 
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nert6<l ffitli tho iiuticntin^! newHc no longtr mlcil on thn otlior 1cv<t 
but lititl passed bflow. It wiis immediately apparent (.bat this con¬ 
dition could have been caused only by an abtiormftl dilntlon of Iho 
ptieroid system due to n considemblo bsirometric dcprasBion. Hiulor 
those cittiuiistanooa the instrument had rppstenxl a prossiire milch 
below the minimum pressure inscvibcil on its (puduafed are. 

After having put tlm two levers in place the instninicnt was placed 
under the bell of an air pump and exposed to tbe Tacimm. Tt was 
found tbflt tbe t wo levore ebanped positions when the pressure on the 
interior hntl fallen to 410 millimeters of mercury, Tt was concluded 
that the esplfjsion of the shell prcKluocd in its vicinity a static de- 
predion of 760—^U0=flE0 millimeters of meremy. 

From the aerodynamic form ulna it appears that the immodinto 
production of this depression will give birth too wind having a ve¬ 
locity of 270 meters per second and which will produce ii dynivnilc 
pressure of lO^OO kilognims per sipmro meter on a plane mtrfaca 
normal to tbe direction of its propagaticin- 

Siich a rush of air would overturn and crush to earth pcrsfins ex¬ 
posed to it. Those esenping would nevertheless suffer from the 
broEsipio deprpAsion, reckoned above, which would follow. Owing to 
this the air and carbon dioxiile dissolved in the blood will be imme¬ 
diate Iv 5 !et free in sin all bubbles, and, if their diainetcrs are larger 
than those of the small arteries, they will form gaseous plugs which 
will instantlv arrest the circnlntion of tho blood in these arteries 
nnd death will occur before the rc-aolutioil in the lilood on the res¬ 
toration of the pressure to normal. 

The pftwage of tbe sound ivavo at the outset of its formation can 
olsio rupture the eardrum, but Its duration is extremely brief as 
romparwi wdth that of the following depression. 

In all of the foregoing there baa been only the single question of 
the mochanicfll effects due to tbe pas-Sago of the exploaivo from the 
solid to Ibft gnneons state. Tbe occurrences of the war Imvo thrown 
light nn the patliologicfll ri>le which the gates profluced or liberated 
in detonation have come to play. Without wishing to enter on the 
study of projectiles designed for asphyxiation of the enemy we may 
remark that most of the nitro explosives amplnyed in charging sheil 
disengage not able proportions of carbon nionoxid, .Vltbougb tlio 
toxic power of this gas is relatively great, it may bp observefl liero 
that it is not freed except when the explosion occurs nut of contact 
with tho air. This will, for example, he the case where a projectile 
is buried and explodeil in the earth or n shell U exploded in ti habi¬ 
tation of sniull Sinn. Tu all other rases the carbon monoxltl is Imme¬ 
diately burned by the oxygen of the air in such manner that In 
reality only carbon dioxid is observed. It is known that man can 
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coDtiQue to live iu an atmu^pliere eoJitaming n vetv large proponioii 
of this letter gus. 

T^t iis now c^camine the nntiire of the phenomecm produced by 
the rupture of the metallic envelop constituting the body of the shell. 

Diffenmt cases are distinguislie^l according aa to whether the body 
consists of cast iron or of steeL In the first case the metal is, as 
it were, pulverkod by the estplosive. I'lie metuliic [wwder produced 
by the explosion is projected with a great velocity; but, ns the unisi 
of the pieces is estreuiely small, they rapidly lose their velocitj^; 
in fact they Imve no efliciencv after a etinrsc of a few tnetei^ 

i*.v reducing the ratio of the weight of the charge to that of tho 
projectile one can, it is true, sonien hat improve the fragmentation. 
They can not, however^ obrain a satisfactoty' result except by reduc¬ 
ing tbe weight of the charge to auck an extent that the effects of 
the blast heilI the momentum of the fragments become in themselves 
insufficieuL 

Id. addition to ^tire the necessary conditions of safety the walls 
of the east-iron shell muM bo thicker than those of fhe steel shell, 
from which it results tliat the former la inferior to the latter from 
all points of viow^ 

The rupture of the steel envelop h effected from the beginning 
in a totally different manner from ca^jt iron. If the body of the 
shell is thin, It is torn into strips of rehitively light Aveight. 

The destructive effect from the action of the gns on ha>sc soil 
manifests itself in the production of u. cavity having the fonn of 
uEi elongated elli[isoid whose longer osb will bo peqjendicukr to 
the horizontal projection of the tmjcctoiy. The difference in length 
of the two axes diminish^^ other things being et|iia], the greater 
tho depth to which the projectile has fH^nctratod tho ground l>efore 
its c-xplosion. 

When tho walk of the projectile are thicker the fragmentation 
clmngos in character anil they note the production in place of tho 
preceding chamfer stri)>9, of fragments of irregular form, the aver- 
age weight of which increases with the ratio of the weight of the 
projectile to that of clmrge. For a given projectile tho size of 
the pieces fumished by any part of it varies W"ith die th lok n e sg of 
the walls at that pointv TIic velocity of ihi:^ pieces naturally varies 
invei-sely iis tUoir weighL This may be measured with the wdre 
ficreens and the chronographs. The results obtained wiU bo but 
average indications and often will bo very inexact on account of tho 
fact that the wires of the screen targets are sotnctimes broken by tho 
shuck wave before tbej’ can be ent by the fragments. Accepting this 
necessary condition it hiis been obser^^ed that the velocity of tho 
fragments reaches and nmy surpass IJlOO meters per second when 
using a shed with thin walk- 
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Tilt! fragments of Ute o^vnt nnd base will l^e thrawn with 
velocity btit neverthele^ they will have a velocity greater than the 
residual velocity of the projectile. 

II, AliUAXC>EMRNTS OF THE EXI>I*OSrVI5 PIEOJFCTTLE, 

The arrangement and proportioning of the parte of the explosive^ 
cootaining projectile determine the functions it ta to play, it may 
be rwiuired for the demolition and dispersion of weak defensw 
situat^ close at hand, and then thin-walled projectiles carrying 
largo charges of eisplosives would be niade use of, and as their re¬ 
sistance to the effects In firing is not great they would l)c dischargeil 
under low pressures. 

In order to augment their range and penetration they would be 
filed at high angles near to or greeter tlian 45°. It i;; advantageous 
to use for this short caliber pieces such as obuses or mnrtara. 

If it is dosiied to produce destructive effects at great distances, 
the wetglit of the projectile and conaquently the caliber will 1 k> 
increased. In case of unusually great distances, such as 20 kilometers 
or more, quite long cannon and liigh initial velocities must he em¬ 
ployed. These guns are fired under high preastires and it is neces^try 
to reinforce the walls of the projectiles to an equal caliber and reduce 
the interior exploriv% charge. 

The considerations of a general nature relative to shell having ifven 
treated of, it remains to discuss those relative to the choo^ng of the 
exploGivo and the fixing of the t'hargo. 

1 , e»si>rnoNS or uoAiirsn, 

Industrial explosives ore generally used in cartridges or sticks 
which arc placed in l>nre holes in the interior of the material that is 
to be blown iiji. They are not, therefore, exposed to any riolonce. 

The explosive charge of ft diell must, on the contrary, endure the 
foTOSi of inertia, translation, and rotation due to accelerations origi¬ 
nating in the chamber of the piece. 

For the purpose of showing the magnitude of theso forces wo win 
take ns an example the shell of a cannon of tS. Tliis projectile is 
subjected during firing to a minimum acceleration of the order of 
200.(XH) incteru per second. Its ratio to y Ucceleratioii duo to its 
weight> being about 20,000, it nsults tlint the particular material 
contained in the diell develops at this moment of firing under inertia 
an effect directed toward the baiio of the thell (yjual to aboEt 20000 
times its weight. ’ 

Tlie height of the shell cavity ocettpied by the charge being on th 
average about 20 centimeters, it follows, if we designate the specifi'^ 
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gravity of tlic explosive by j* that flio preayiire in kilograms per 
s<|Ufire eentinieter exerte4 by tbo charge on the base of the projectile 
30XJX20,000 

is equal to - which is 4003. Taking 3 as equal to 1.5* it 

1,000 

results that the effort tending to cnifth the column of explostire as the 
projectile starts from rest proceeds in increasing progrea^ioti from 
the point toward the base where in contact with the latter it amounts 
to 000 kilngirains per square centimeter. 

On the other hand^ under th* inHuenec of the rifling the projectile 
acqnires a motion of rotation whose maximum velocity at the instant 
of leaving the Ijore is about ^Wrevolutionfl per secondt and this angu¬ 
lar vplocily coiTft^ponds to ei circumferential velocity of the inside 
walls of almut 50 moterg per second. 

These figures show the magnitude of the forces to which the ex¬ 
plosive material of the charge is subjected dejientling on the duration 
of the blow from the eannon. It by this beciai^es obvious that a 
jxm erful explosive which has been on a lurge in the mining 
industry and in rock work is nevertheless unfit for itee in charging 
pmje^'tiles. However, we iicuv know the precise conditions thai: an 
artillery explosive must satisfy. 

Regarding these charncteristicst the most- important is that the 
force and rate of detonation shall l)c m large as pocssible. It has 
Wn observed tiiat this lost reqnireiiient implies the use of cry stall itte 
substances* but it sboiitd be stated that the realization of this de- 
sidemturn i% notwilhstandingj secondary* since experience has shown 
that a satisfactory detonation ean be obtained with plastic substances 
if ft detonator capable of imparting u sufficiently high vekwity b 
used. 

In order to insure safety in firing, the explosive should be enpabte 
of reststifig the effects of inertia which arc developed in the chamber 
of the piece. If it be a solid— and Ihis h generally the case— St s^hould 
be absolutely compact in structure and should adhere strongjy to the 
walb of the shell. 

Tlie lueeting of this last condition Is necessary in order to prevent 
the friction of the charge resulting from a difference in speed of 
rotation between the shell and its explosive dtip to thu inertia of the 
latter. The eom pact ness of loading tends to prevent compression 
and shock on the interior of the explosive rmioa following tlie travel 
of the projectile througJi the bore. The adhesion of the explosive to 
the walls of tho shell can he determined at the outlet by following the 
method used In loading cartridges in which the explosive, instead of 
being placed directly in the cavity in the ahetk ia first enveloped in 
thin sheet metal or cardboard and, thus surrounded, is introduceil 
into tho ebatnber of the shell after the walls have been coated w ith 
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a layer of vaseline or pnrsiffin. If the interior of the cartridge is 
fimOy partitioned oil hy rcsiiitant diaphragms, thes^ will also tend 
to protect the cliiirgo from the friction due to ita inertia to rotation. 
The ufio of n simple cartridge in metal oi- cardhoard appeare to Ihj 
advisable m all coscSt hut particularly for base-](jading shells of hirge 
capacity- 

It is pctssibk to build up the charge by the aid of several separate 
t'artrid|:e5 and by this toeana avoid iho difl&cnltiea enctjuiiterril In 
Ria^king to obtain, through fusian, a long column of perfectly homo- 
geneoiiH explosive. In alj cases this rids one of the serious incon¬ 
venience which results from the fused explosive runnliig into the 
space lietwoen the projectile and its bnso ping. It also prevents dust 
from the explosive getting into the threads of the plug or into the 
fuse device. 

If the explosive be formal by mixing a solid and a liipiid, iheswi 
will be foimd evidently the best conditions from the point uf view nf 
safety, since under these elrciimstances abnormsd liCEiticig of an 
iisolated point wiH he much less likely to occur and all friction of 
solid cm solid will be av oided. But^ on the other hand, another hr- 
convenience presents itaaifi vIk, the acceleration of tranatation to 
which the charge is siibjwted at the instant the projectile starts on 
iUs travel of the iwre. It follows ns a rcsidr of this acceleration that 
thi^ flifforciice between the apparent specific gravities of the ssolid and 
liquid cotiqxiticiits of tlio explosive is multiplied by There is then 
shown a tendency of the explosive to Bcparute into its two compo¬ 
nent^ follawing the axis of tlw projrclile^ nt the moment of dopurlnre 
from the gun. In order for such nti explosive to be acceptable it ist 
nectisaaiy that the dilTerencc in the spetufic gravities of its compo¬ 
nents shall be as small as fwissiblc. 

One may theoretically consider the uses of liquid explosivi^ such 
us Spi'engeFs (dinitrobenzene and nltrk acidi or one of 

the panclastites of Turpin (nitrobenzene and hyponitroua acidi 
F=lO,StSb; naphthalene and hypoiiiirous acidi F=UJ{X)), In this 
case the question of safety on departure appears eonipletelj assured; 
but the inlitnate mixing of the compononts of the mixtura w ill not 
be effected unless they are luiscihle* 

2* VftiNcip.tn EXTLosivvs mui^Tia 

As fi rule* irp to the prrssent, only those ^olid exploi^ives conipo^ied 
of nitnitrd derivatives nf the aromatic- series have been used as chsirgiH 
for artillery projectiles.^ Tl h expedient now to study the properties 

iThi^ AuilrllR artSIlffTT Qppmt* to luivif teaUtlwl^ TSarJ tht nilitufi- ftf i.biii 
nlinilr behI nluniLuiuii linWn n* hnt Ivaihivrariu t* f 

iltna ef luLvInti An AX apimn ta Mw Ini t<i Ita dlAcunUDiunrt 
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of those b.Klies thftt Jino utilized to-duy, whirh iire picric aeidj. tri- 
aiirocresol^ trioitrotcluene^ trlujtroikiipiithabiiCi und tlie miNtiire of 
ammoninm nitmte find dinitronaphthalcnc Icitown na Fjivier^s expUi- 
iVQ* There wilJ be Rcldcd also sonte bodies of the same scries which 
appear susceptible of use* b^it of which we have tio <=^50impleL 

I* Pwrie aeid ,—Picric acid or trinitropheriol (melinite, lydilitej 
schimosc) occurs in ^mall yellow cry stab which poaseas a strong 
coloring power* It In but slightly soluble in water at ordinary tein- 
pcnitiire. but this Sfolnhility Increases as the temperature is raised. 
It is readily solubtc in acetone* Melinite b fused at about 122"^ C- 
Its j'enctions are acid and it forms with metab (save tin) crystalline 
salts of marked color. Spcakhig gencnilly the picrates are marbedly 
explosive iind thc_v are the more unstiihlc the heavier the metal winds 
enters into their constitution. Lead picratc is especially dangerous. 
Iron picriite is much loss so and ib explosion in use eon not occur 
if the explosive b moi.«5t. In order to prevent its formation the ivalb 
of the projectiles, are so varnklied or coated with plating as to pre¬ 
vent their direct contact ivith the explosive* 

It follows that because of the dangerous character of the lead 
picrate tlie tin used with which to coat the walls of the shell should 
be exlrcUicly pure. The care to be taken in avoidhig^, in the course 
of rimrging* the pivKluction of picratGS is of the first miportanco and 
it is not to l>e overlooked as a factor in deciding against picric aciil 
in eompariison with those which follow it. 

Picric acjil may l^e detonated in several ways. That detonntion of 
it whicli is called eomplcto ’ ■ is chamcterbied by the procluction of 
dense black fnines holding free carljon in suspension in them. In 
the detormtion Etyled incomplete^- the oxpkxsioii gases have a 
greenisli-yellow color and at the same time they deposit a layer of 
imdecomposed explosive on the surrounding olijccts. The energy 
set free In the complete is greater thaji in the incomplete detouatiom 
The reactions attending tlic:ie two methods of detonatioii are 
upproximatcl}" as follows: 

ComplL^ie deteoatieu 2C^Q:;^NO*)*On--^CO+3CO,43Ej43N,+C. 

IncoiEiplGte detonation 2C<E,(NOJ|OIT—^1 ICO+COj+lip+Sna+aPTr 

It is evident that in tlie case of a reaction efiected by detonation 
in an extremely resistant envelope the conmdemtjou of the prtMliJcts 
wilJj, in virtiJG of the displacement of the e<juilibrium. give 2>rin- 
cipidly those shown in tile fir^ equation. 

Admitting there is obtained under an infinite pressure tho maxi- 
muju condenjLjitioii ViiprcJicnled by tlio equation 


4C,HJNOj,OII^14CO,-f3CH*+7C 
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tlife coi‘res|x»hclitijf (Kil«iitiu1 iKiurtls 573^ wlii^h is much in excess of 
tliul (hafacterizing the fiist reaction given above. Ttum rcuctioiis 
corrcspoml in effect to the following: 


diHQlvtUMi. 

C. 

f=o,7a<t. 

ii=0.857. 

F<tteQliid=37i ton moteta. 


I[i«iiapEEt« ilEtautloil- 

ST7 

2,6M« 0, 

0.^. 

&,e7T. 

328 ton nuDlcKa. 


The velocity of detonation of cores of melinite inclosetl in lead or 
tin envelopes is about 7,000 meters pr second. Daiitricbe, wiiii very 
jKiiverftil primet^, lias obtained a velocity of 7,645 meters per second. 

Altliough tlie properties of fused picric add were kimwn befons 
the time of Turpin, yet it is to this inventor we owe its utiliyjition 
as a niLlitarj’ eiplosive. Tiirpin has derived that form and dis- 
IHKitiaD of detonator which has insured its complete detonation. 
Ilis pi-Doess consists essentially in causing the mercury' fulminate de- 
lonotor to art on pulvernlent picric add. Tlie detonation of this 
last brings about the detonation of ti^e fused dcpiosive. 

We lift VC seen that tho strong ndfaesian of tlie charge of explosive 
to the walls of tlie projectile is an essential condition to security in 
tiring. From this standpoint mdimte is above all most siitisfactoiy. 
It is cfitinifited that more than 20 kilograms per square centimeter of 
effort is neccflsary to effect the sepamtion of a mass of melinite from 
the inetnllic walls hi which it has been fnsotl. This adhesion appears 
to increase maritedly for some days after fusion. It is always, 
greater than the cohesion of the cxploflive. 

TliP fiiJiing of the explo^lvi! in order to run it into the pToJcctilo 
is generally effected in a water bath which is a thermosiplmn. 
Since mdinlU! increases in voltrmc at the moment of solidification 
osperience show? that, as a consenuetice, oovities may be formed in 
the interior of lh« charge of tlie proiectilesL Practice haa supplied 
suggest ions by which this serious defect may be overcome. .Vn 
oasentinl precaution consists in preveuting tlie presence of the melin¬ 
ite in the thread of die jioso fu-se. Its presence on the outside of 
the fuse or in its threads may cause a prciimtnro explosion. 

Picric acid ia obtained by nitrating phemrf. To obtain a iiniforra 
product, the cryolftlline phenol shoiihl fuse at 8B“ C. This eiib- 
stance is obtained in the clLstillation, between 150® and 20D® C. 
of gus liip. It can be ol>taijied eyntheticatly tlirough the oxiilatiori 
of benzene, the scries of nperations being as follows; The benzeno 
is treated at first with cojKeutratifd aulpliuric add. Milk of lima 
is added in excess to neutralize the acid. The solution is then 
treated with sodium carbonate to form the iradiimi-benzene-suinho- 
uflte (Sa.'sOjC.lli). This t9 cvapomteHl to a sirup with uddition of 
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soda and fused, when sodiujii phetiolatc is formed which is deeorii- 
posed with Bnlphoric acid to set tlie phenol (carbolic acid) free, 
wiiich is separated by ether and purified by distillation. 

This purified phenol is treated with Cfl“ B, sulphuric acid and 
then with 37'^ B. nitric acid. The picric acid formed is purided 
by repeatedly washing it with water and draining. 

2, I'firiUfololufTic (fo/ifTj trotyl). —This bod}' appears in the form 
of sirinll ycilow crystals which fuse almut 91®. Tliougii insolublu 
in water, it is very wluhle in benxene and toluene. 

While melinite reacts ttiarkcdly, acid trinitrotoluene is completely 
neutral. It does not therefore act upon tlie metnia in which it is 
put. It is more agreeable than melinite to handle since its dust is 
nnt ifritating. It is less sensitive to shock but is also a little less 
powerful than picric acid (^'=8,€80). \Mien fused it adheres 
strongly to the wails of the vessel in which it is contained. But 
tolite presents (he disadvantago of ‘‘piping" markedly at the 
nirjifient of solid;fication. Its rate of detonation is about 10 per 
cent less than that of picric arid. 

Tolite is usually prepared by trinltrating toluene directly with 
a concentrated eulphuric-nitric acid mixture. The reaction begins 
at 40“ and ends at 105“ ‘ it being heated from fi\Te to six hours. 

Tolite primed in tlie same manner as melinite, but it detonatM 
violently in the open air under tho inSuence of a mercury fulminate 
detonator only. It is employed in the manufacture of cordeaux 
detonants by inclosing in lead tubes. It is the explosive nifist com¬ 
monly employed by the Germans in tbarging their projectiles. 

3. ^■itrocretBIg (mwyJife* or erwy/o? cojjimerefffi;).—Cresol is a 
product of tar distillation which is obtaineel between ISS*" and 
210“, It Is a mixture of three isomers, the proportions of which 
ai^ very variable. Cresol is nitrated jnst as phenol is but tho 
trinitrocTesol only is used, and this Is really the trinitromctacregol 
which possesses properties analogous to those of picric acid. It 
is a yellow fubstanco which in all regards is more disagreeable to 
handle than picric arid, for its dust is moro irritating and its vapors 
more suffocating. Its process of manufacture is similar to tliat of 
picric acid. 

As an explosiTo it is a little less powerful than melinite Tliis 
is easily understood when we recall that it cot;tains a large excess 
of carbon and hydrogen and that its combustion is consefjueiitlv 
lea cmnplete. Jliscd with pure melinite in the proportions of CO 
per cent trinitrocreso) to 40 per cent picric acid, there is obtained 
the explosive known in France os ercaylite 60/1^1. This mixture, 
is obtained by fusion under water, melts at abotit 85“. but at 
65* it is sufficiently plastic to [wnnit of its being compressed into 
charges which, on cooling, arc compact, amorphous, sod very homo- 
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Quirts srcihH^ Obtained which ,ire f™ fmm It 

i this vahmUe property M justifies the □» of iho lutrocresols m 

llmt cresj'Uto 60/10 le® force (S^SO) 
limn picric acid, its rale of dctoimtion <7,485 metere per second) is 

practically the same as the latter. . i * 

Idke the trinitrophcnol the trinitrocresol has an acid filiation. 
It forms salts analngous to the picrates and these are explosive. 
Tlio amraoninm crcaylato only is siifliciently tiisensitive to shcaJc to 
TK-miit of its military use. In Austria it has been used in chnrgi^ 
rIicII under the name of ecrtKtte and its power, though^ inferior 
to Ihut of inclinite or crc^'lite, is euperior to that of dynamite No. 1. 

4, rWnffrpfiapAtAflfenV or naphtite {CioHfttNOs)i). ^Trimlro- 
mildilhalene is a clear yellow substanco which m only slighQy siiluble 
in water, but is soluble in acetic acid and chloroform. Its acnaitive- 
ness to shock is very much less than that of melinite but it re- 
(juiMs a very powerful detonator with which to effect its detonation. 
When ignitMl ii bums, without explosions, with a smoky flame, and 
it resists the shock of impact of amalharm projcctifes. 

It is prepared by nitrnriiig the mononitro or diuitronnphthalcnes 
ns a mixture of three isomei'ic trinitronaphthaliuics which fuso 

about 110*. , , „ , 

At pivsent nuphtite is but little used os shell charges because of 
the diflh’ulty of detonating it as mentioned above. It, however, is 
u iiowerfurcxplosive, which, exploded in a bomb under the denrity 
of loading of A=0.3j ^ pressure of 3,275 kilograms [xir square 


centimeter. i . a* 

5. Faei^r f^pJosive» and senneidente .—Tlie Favicr cxploslres hare 

an ammonium nitrate base to which a sli^tly nitrated hydrocarbon 
(which is therefore but sUglitly explosive) is added. The ttmmonium 
nitrate itself being an explo-rive which is quite Insensitive, tlie mix- 
t luv obtained is remarkably inscnrilive, but its ignition temperature; is 
relatively quite low. This union of properties c.xplaiii!ii iU entploy- 
nient in coal mines us a safety explosive. The mixtlire of amnamum 
iiilruto 90 per cent with mononitronaphthnlcnp Ifl per cent, con¬ 
stitutes a-hneiderite employed at Crciistu for filling shell. It 1b a 
jjovrcrful explosive which is chariicteriiM'd by a force of 8,400 units 
and a putentiul of 415 ton meters. Its normal rate of detonation, ns 
determined by Id. Dautrichc, was 8,585 metciu per second for the 
pulvemleiit explosiv'c- 

It has been said ahote that Faricr explosives are hut very slightly 
sensitive to shm-k and thus schneideritc hn.'s been found to redst the 
impact of a projectile or the blow from a very heavy weight and, 
when placed on the rail, a cartridge of this substance was not ex 
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ploclfld by the paffisftgo of n irfiSn. These i>roi>crtjos imply the neces¬ 
sity of using a vciy^ po’^-erful detonator witli which to proToke its 
detonation, 

6, BmsUe (CJIa(5rOa)i)-“BenJ:it6 or trinitrobenzene is a white 
crysl^illinc hotly which, when pure* fuses at AUhongli as 

powerful as melinite^ it \s rv^rv much less sensitive to sltock tliaii 
the Tatter. Morcorcr^ it does not attack metals and, when compressed, 
it. aciijuires a den^ty of 1.67. Finally its rate of dptonntion^ of the 
order of 7,000 meters per second^ is eqnal to that of picric acid- 

Tr!nitrobenzene is an e^ctremely interesting body 1>Gcau50 of its 
various pniperties^ Unfortunately iu price is so high as to limit 
its use- Thus ter it has not been employed except to lower tho melt¬ 
ing point and increase tlie plasticity of tnlitc. 

It ba prepared by oxidizing irinltrutolnmie with potassiaiii di- 
chromate in sulphuric acid solution by which trinilroWn^oic acid 
is formed, and this on treaiinetit with boiling whaler splits od the 
CO, group iHekling the trinitrobenzene. The chrome alum formed, 
and which remains in the sulphuric acid liquor, is recovered by con¬ 
centration and crystallization and is ugam converted into the di- 
chromate. 

7* iVkr& denralires of Aniline (CeHgNH^) is capable 

of furnishing a scries of explosives that may be employed in charg¬ 
ing projectiles. We will examine sonic of the more interesting of 
them. 

The tetmnitranilinc appears as a crystalline body very similar 
to picric acid- It U prepared by heiiting the mctanitraniline at 80“ 
with concentrated mixed acids. It is an extremely pnw^crful explo¬ 
sive, very stable and contains 25.6 p^r cent of nitro^m Its abso¬ 
lute density* 1.867, is relatively very high. It is partially decom¬ 
posed on heating at a temperature which depends on the manner 
in which the increase in temperuture in a given time has been effected. 
Tims, if the mte of increase is 5® per minute the decomposldoii be¬ 
gin* at 216®’-217*. This does not give rise to explosion. While in¬ 
soluble in w'uter at ordinary tempemiurea, it ia very soluble in ace^ 
tone. It do^s not attack tnetals- By reason of this ai^mblnge of 
properties tetranitranilino appears to be most iidvuntageous for use. 

Another nitro derivative of aniline which is equiUly interesting 
from our standpoint is tetryL This iMhiy which is tetranitromethyl- 
[iniliue (C,lL(NOs)|XNO,CHj) contu ins 24.2 percent of nitrogen. 
More powerful than guncotton or melinite it is less so than tetra- 
nltraniline. According to T^ieutenant Colonel KtMdiler its licat of 

* Acvoniinx tn W. [Hntrleaf, power of (}rn;Fltie tit ES Ik?r ixni ervAter lima tltAt of 
plrrlc Acia. 
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formation —i0,8 cals. Hence tctcyl is an cndothctniic compound 
and Uiis explains in part the power of this explosive. It is easily 
prepared by acting on metUylonilino sulphate with mixed acids. It 
appears at present to bo used only in tho manufacture of cordeaujc 
detonants. Many of the properties it exhibits tend to show it to be 
well fitted for use in shell charges. We ntaj note, however, that its 
prit.«, as well as that of the preceding explosive, is greater Uian 
of picric acid. 



At the timo of tho disco vgtj- of America tlie Old World Imd a 
scant supply of Hi a procions metals. Both tiic northern snd dm 
southerji Dsi’ts of the new continent prert'ed wonderfully ricli in gold 


S • Fm 1, 

and silrer, and its twaHiires were eagerly looh*il; though the looting 
has lasted four ccniurkis, the mines of its mountain chains are far 
from being eshwuslcd. Even the later discoveries in Australasia and 


' SmiI at SecQhtl (^n-AAiTklia BcliDtlllc WMhJJIcIni, plilrict of C<i]w- 

Mi, Jm, a, iSlfl, Bsil »t thp Artmni nn^thiif. Srptmitwr, ISllJ, of tbc Amfrltofi Tnirtl- 
tjite sf UliJot nii)ciDn>t«. BaprUUeil tj pnrmteluD fron Imqixtetluai tho lutltotr, 
Vp], (VIJ, pp. Sl»3-atip (lOtTj. 



»- Cv ' 

P“ 




*7/ V 

jr T ■■ 

* \ 1 

V 

K- 

Kf 

J 

T'wb tjf OmfmMf 





5^ _ 3 

C¥writ*t* 

T- ■* 

Y ■ 

* ^ 

_ 


JtJ ■ 

DISTRIBUTION ^ 

vr f 

^OLD AND aiLVER "f 

DEPOSITS /•J 

NORTH and south AMERICA ^ 


Ofri# 




f* hM 1 

tMi artA 


GOLD AND SIL\T:K DEPOSITS IN NORTH AND SOTITH 

AMERICA.* 


By WAuievAR Ijimkhes, Jsttttw, 


I. 1^■TRODTTCTIO^'. 



























X4ft ASS UAL REPOAT SMlTllSH^SIAS ISSTITUTIOS, 1017. 

eastern Siberia could not rob tlio Western ITfniisphero of its posi* 
lion as the groAtest gold and silver producing region of the world, 
though finolly tlie devdopments in a narrow and cLrciiinscribed area 
in South Africa wrested from the AnicrUas tlioir stipremufy in the 
production of gold, 

Neverthdetis, the history of the two parts of the grciit western 
continent has been strikingly different. At first the Spimkrds eX' 
iracted viu^ trenKiires of sil%‘er from Mexico, I’erti, and Bolivia, whilo 
Colombia and somo placer deptmts in Peru yielded a smaller qiitin’ 
tity of gold. A coiiplo of centutiea later a stream of gold began to 
flow from Brazil, tbe silver production from tlie countries mentioned 
al>ovo continuing .strong in the mean while. Lnter on, the yield of 
South America diminished, but to offset this there began a woiidcr- 
ftil series of discoveries in North America. Tiie gold fields of Cali¬ 
fornia astonished the world; and when the cream of these had been 
skimmed off them began a no less urutahig devclopinont of Ihe cen¬ 
tral cordillemn gold and silver districts, which soon made the United 
States the gi'ootest producer of the procious tnetoLs, .\ided by e^ er 
improving technique, extensive cxplorotion, and a system of rail¬ 
roads, the yield was maintained and incteaswl Still later follow&l 
the dkeoveriea of the gold fields of the arctic region and silenced 
those who had maintaiDcd that the eenitli in gold production Imd 
passed. Recently the Province of Ontario in eoiteni Canada roso 
unexpectedly with offerings of tho richest silver ores the world has 
known, and with new and at first doubtfully accepted gold fields. 

Chile and Bolivia in the middle of the last t’cntury added sonie 
rich silver mines to their long list of mining districts, and later placer 
gold begun to be extracted in largo quontiti« from the Giiianaa, 
but on the wholo no such scnEaiional finrls were made in tlio southern 
continent ns had marked ihe recent history of the northem part, and 
in many regions the mining of tho precious metals fell into a nit, 
the proiluction being barely maintained or dimlniahed slowly. Tlio 
latest events indicate an awakening, and a stimulus under tlie Influ* 
cnee of which the production of South Anicrkn is gtaduilly increas¬ 
ing. Tjirge omotints of silver are cxtractffll from copi>cr otra by 
ope rations Oft a large scale, and dredges dig up the gold of Colombia 
ami Tierra del Fuogo, 

It can not l» doubted that the total yield of the northom oonlinput 
of gold and silver is larger than that of tho wHtliem part. A glance 
at the table in tlie Appendix will show that this difference is strongly 
cniphasizod at the pmaent time. Ihiring the Inst decade the gold 
production of North America had a value of $L^a,a6B,CK)0, while 
Bouth America yielded only $1'23,000,000. For silver, tjoiitJi Amcr- 
i«'a statistics aro in less satisfactory shape, but the Compilation 
shows that while in 1013 North America prrsitireil this metal to tlie 
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value of $i^9.47B^400j Saiith Am&ric^’s mines yielded less than one- 
tenth of tiiis huge sum* Figure 1 shows the approxiinuto distribudon 
of the gold and Bilver deposits of tho two oontincaU^^ 

Tiler® am no Ixjtter proapectora in tlia world tlian those of some 
SoueIi Aiupiricjin eoimtries, lUid we nmy rest assured that a great 
percenta^ of possible discoveriei? has already beeu tuade;. Yet no 
one who has studied South American mining districts am fail to 
see the possibility of a more ®:iktended prtsduotion tlmn at pmsent, 
even while renJiKing the diflicnlHes of climate, altitude, transporla- 
tion, jmd lack of adequate available capital* 

Tlie purpoise of this paper is to call attention to the geolc^ical 
featiires that govei-n the distribution and richneaa of tlio prccioua 
metal de[>ositB of Smith Ainerico, to compiiro them with tho^^o of 
Xcjrih Aiiuirica, and to classify tliem acc<jixling to geological 
aJbJiation* 

11. GEOLOGICAL FEATURES. 

A slight acquaintance with the geographic features of the two 
parts of the American Continent suffices for the realization of their 
essential fiimilnrity. The two land elongated from north to 

south, have a wide eastern part occupied by fertUo plains, hilly 
country or low mountain ranges, and £i narrow’er western part, with 
the rough topography of an almost cotitinuousi high niountam chaiu 
closely following ihe FaeiJic coast, narrow in South America, broad¬ 
ening in Xorth *Vmeric4i. Tliis is one of tho great ettrth features, 
and is known the ^Vniericaa Cordillmt. In South iUnerica it is 
also known as the Andc^ Considered on a large scale, its build ia 
pimple, though in detail it is diversified by two or more pnnillel 
by intermontane high plateaus or vallojs, and by volcanoes, 
many of which are active. 

To tho geologist, this difTcrence of ea-'4 and west is sharply accen- 
Euated, for he knows that the Atlantic side represents Ihe area of 
quiet where strong moutiliiin-building forces have rested for mill ions 
of yeaus—since the close of the ralrozoic cm—while the leveling 
agencies of erosion and sedimentation have been at work* Ho knows 
that the western margin marks the long strip of w^eakened earth 
crust along whicli tangential stresses have played since early Jlesso- 
zoic Limes. Thcne stress^ culmiimtcd in the early Tci'tiary times, 
causing folding and violent tlinist faulting, ns if an irresistible force 
had forced a wrinkle in tho earth's crust eastward* These corclil- 
Icran dktiirbiinces reach their maximum along the inner eastern edge 
of the chains To wme degree they still continue, aocompanici] by 
uplifts and depressions. Lava flows have been poured out in great 
volume from volcanoes along the Cordilleras, especially on the west¬ 
ern side, and this has continued at least from the early Afesozoic to 
lOiT-11 
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thfl present t nwfl- tlio sivme time masses of molten rock luive been 
forced «p from great depths into the rocks nearer the surface, and 
cooled there to gi anites and dioriic ixjrphyries without ever reachiug 
the surface, though through grmliml wearing away of the covering 
rocks many sucii masses arc now exposed at the surface. 

Almost all primmy gold and silver deposits hare fomed 
during or ahortly after epochs of volcanic or intrusive activity. 
Secondary deposits are derived by the disintegration and concentra¬ 
tion by water of such primary deposits. Tlicj' arc called placers or 
alluvial deposits and ai'e usually cheaply and easily worked. 

On the Amerfcan Cpntitieni the primary’ gold and silver deposits 
date from two widely separated a^a. The first period is geologi¬ 
cally very ancient and belongs to the pro-Combrian or ejirly Paleo¬ 
zoic; its deposits are thinly BCattered over the entire, continental area, 
i»ut are at many places covered by later rocks. Tlio second period is 
much more recent, and belongs to the lute Mesw^ic and the Tertiary, 
Its numberless deposits were fortoed during thogreat igneous activity 
which accompanied tho building of the Cordilloias and are tluis 
confined to tho western or cordilleran part of the ooalinents in which 
area the deposits of tho older perioil are rare because capped by later 
aediincnts or flows, 

riiicers may be formed from deposits of either period. 

1. iiT!ri<aiTS nr this eaki.t i'kiuop. 

Ifaturally, tho deposits of tho early pcriwl are best observed in the 
great eastern eipnnsc of tho cent menu where tlie early rocks are 
often splendidly exi^tscd, Gold is the principal metal and is always 
accompanied by (imirt!! gangue. Tho deposits bear evidence of haV- 
ing Ik«u formed at considerable depth and high temperatures. While 
the majority of these occurrences are poor, yet gient richness may lie 
found in small areast and tho purity and coaraemetss of the gold is 
favorable to tho formation of placers, especially in tcuiperato or 
warm climates. Wherever continental ice sheets have covered a re¬ 
gion, as in Canada, they have almost invaiiably ground up and 
scattered the placers. 

Ncwru AMesics. 

In Xortli America dep*s'ts of this kind are formed in the southern 
Appalachian States, in Soulh Dakota, in Quebec, in Jfova Scotia, and 
in Ontario. In ih© latter Province the recently discovered Porcupine 
district presents a caa© of extraordinary richness, the annual pro- 
duction being now ov er ^,000,000. Tlie celebrated Ilcmestake tnlro^ 
in South Dakota is working on a pre-Cambrian replacement deposit 
in form of thick lenses of altered schist with free gold. While con 
tainingonly about per ton, the ores yield annually over $o,OOOjOOO. 
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A ntuubor of i#cntl«rcd deposits of this kiinl ai*© founcl ia the cor- 
ilillcron region of the (Tmteit St&ttM, but they contribute only small 
niUDunts to tho totnl production. The most important occurrence ia 
the copper deposit of tho Uuitwl Verdo mine in Arizona- Its copper 
bullion yields a consklerublo amount of gi>ld and silver. 

Compared to the deposits of the eordilteran or j’ounger period in 
Xorth Ameriou the yield—both total and annual—is small. Out of 
an annual gold prmlnction of about $130,000,000, the sum to be 
croditeii to tlio old group of deposits is at present (1913) not more 
than $10,000,000. 

Very little silver is obtained from the gold deposits, hut a small 
aiiiouiit comes frc»n the copper deimsits of the I.^kc Suiierior die- 
tnctE 0ntil the di«;oveiy of the Cohalt district in Ontnrio the pro¬ 
portion of silver in the eastern wgion to tlic total output tvaa even 
smaUer Umn that of gold; but the native silver yielded by the deposits 
of this district (of a type almost unique in .America) Iieis changed 
this so that the old depodtsof the East are now credited with about 
800,000 kilograms out of an aiuiual production for Xorth -Vmerica of 
over 5,000,000 kilograuis- The gnat output of the Cobalt district 
emphasizes again how highly the jireeiouB metals may bo concentrated 
I ampas formation or by lavas of the same age, 

BUUTIt AUCaiCA. 

Ill South America we find extremely similar gwdogieal vonditionsv. 
but her© tJio older group of deposits yielda deeidetlly more gold than 
that furnifihed by the belt of the Andes, On the other hand, the 
silver priMlijction of the older deposits is iurigniOcaht A scanewhat 
iiioro detailed review will perhaps be acceptable. Figure 2 shows tlie 
distribution of tho deiioeits in South Aiucrica. 

(iold deposits <if the older type are known from Venezuda, Lhe 
Ihiyo (fuknas, Brazil. Uruguay, and .Vrgpntiiut. Except in tlio 
(Juianas they do not form contituioiiB IwlLs, but rather a series of 
scattered wcnrrences <«e[)aralcfl by barron ground or by younger 
transgressing fiuviatilo or marine dep^tsits. South of the iutitilde of 
Buenos -Vires the deposits, if e.xisiing, are covered by the Tertiary 
Pampas formation or b 3 '’ lavas of the same age. 

The northeastern region extends 050 miles from tho Yumari Basin 
in easu-rn Venezuela to tho Franco-Bnudlian border of the liuianns, 
I’he occurrences worked are mostly plawrsi, to the formation of 
which tho conditions are veiw favorable; but quartz veins or min* 
eralLzcd dikes have also been exploited. Tlie best example of the 
veins is furnished by tho great Callao mine in Venezuela, which, 
during its life of 30 years (I8i65-1895), is said to have yielded S28,* 
000,000 in coarse gold. Active exploitation of the placers and some 
veins is going on in the three Guianas at present, the French colony 
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yidditig the greatest amoimt. In 1912 the production of this belt 
was about $5.000IK)0 and for the last decade it bas not been less than 
14,000*000 in lUiy one year. 

The primary veins from which the placers have been derived are 
contained in pr&’Cambrian tscblste, diorites, diabases, granites, and 
granite porphyries. 

The gold bolt seems to continue to tbe southeast beyond tlie bounda¬ 
ries indicated, for it is reported that gold occurs in the Provinces of 
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Pam, Maranhno, and Cenm, in Brasil, beyond tbe delta of the Ama- 
Kou River, To tVie south follows a broad, barren interval until we 
come to tbe gold deposits of southern Brazil, in tbe States of Bahia. 
Minas Gernes, Sao Paulo, P.irann, and Rio Grande do SuL Of these 
the State of Minas Geraes is by far the iuost important. Even in the 
far western part of Brazil, at Cuyaba in Sfntto Grosso, occur placets 
said to be derived from older deposits sitmlar to those of Minas 
Geraes. 
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It b almost forgotten at the present timo that the placers of sotith- 
orn Brazil yielded heavily in the eighteenth century, particularly 
from ITOO to ITTS, and this production wa.s particularly welcome at 
a time w'hcn the gold from tlie Americas seemed exhmistcd and the 
treasures of the northern Cordilloras were as yet undreamed of» 
During the period named, thesfc placers yielded fttjm $1,000,000 t» 
$'2,000,000 annually, The total yield during the eighteenth cetitiiiy 
is t'oriow^ly given from $200,000,000 to much higher figurw*. After 
thiK period the production languished, but a few ([iiiirtz luituM con- 
tinued to bo operated and a little placer gold was washed. At tho 
present, time Brazil maintains its output of gold at from $2,000,000 
to $3,800,000, but this is practically derived from tliree deep mines 
in hftnas Genie$, of which the Morro Yelhci is the most important, 
besides having tho distinction of being the dec]>BSl uiuic in the world 
(vertical depth 0,200 feet). 

Tlio deposits are quartz veins of a deep-seated type, allied in 
l>Iaces to pegmatite dikeSL They occur in part in An^hean schists, 
gneisses, and granites, but most of them are found in a thick sedi¬ 
mentary scries of schists and quartzite, which Is older than the Catn- 
hriaii hut overlies the Anchean. This series contains no intrusjves;, 
except some pegmatite dikes, and the Brazilian veins are in this re¬ 
spect me rkiKlly different from most other pre-Cambrian occurrences; 
It is believed that Igneous intrusions took place in the rocks under¬ 
lying tJto pre-Cnmbriiin sediments and that only pegniatitic dikes 
and quartz veins reached up into the covering series.* 

Similar geological conditions prevail in Rio Grande do Stil, be¬ 
yond which the gold-bearing region continues into Uruguay, where 
the most southerly mines are found near Cimapiru. Uruguay yields 
annually up to $100,000 in gold. 

The most southerly representutivea of this older class of gold de¬ 
posits appear in the Sierras of the pampas, for instance, in tliiit ex¬ 
tending from San Luis to Cordova in Argentina. The old cry-utel- 
line schists, granites, and pegmatites here emerge from under tho 
pampas formal ion and the Bermo-Trinssic beds, and contain de¬ 
posits of tungsten, gold, and silver, but the latter two metals are not 
present in quantities sufficient for economic mining. 

Bliile it is possible that some deptisits of this kiml occur in the 
pre-Cambrian of the Andean region, which is e.x|)osed in Colombia 
• and in the northertunoat priovin*^^ of Argentina, H is improbable 
that (hey contribute perceptibly to tho tcitnl production. 

To sum up: Tho old gold deposits yield the total production of 
VeTicznela, the Guianas, Brazil, and Uruguay and at tho present 

'■K. Cr lliLrd<i>r utid C. K. Lrllfa £ Tbv uf 
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ihuni contribute to die i^ohl proiluction of Soiitli Ainericji aijoiit 
$8/)OOjOOO^ or ml far from the arnouiit extruded from tlio i!iumc class 
of deposits in Korth Anieriou- 

tu OICPOBITS OF THE ULTEU PE&TODS. 

OE^mAT. FEATFHER. 

Fjtmi Cajje TInrn to Alaskn tlw gold luiil silver deposits of tl»e 
eordillcran belt are formed tinder similar gicological conditions, nml 
are of the same generul geidngical age. It Ims already been enipba- 
sized that they are products of the igneous activity which has ac- 
eonipaaied the rise of this gigtuitlc mountain chain. 

They were formed \vifhin several epochs, but ull of them lie lie- 
twei ‘11 the earliest Cretaceous aiul thti present; that is, they are kle 
Mesozoic, Cfeaozoic, or Quatoniary in ago. They were formed, on 
the whole, nearer to Ihe surface tlian the old deposits of the pre* 
Cambrian, or at least, under conditions of mono moderate tempera¬ 
ture. Many of them, indeed, were formed very close to the present 
surface. Following intrusinns or lava flows, hot waters loaded with 
gases and metids of igneous origin rose towonl the surface, and, in 
cooler regions of tlie crust, depo.sited their load of metals. Tn part 
the gold and silver occur in minute quantities associated with cop¬ 
per and lead tiiiiicrals, and are recovered from the base bullion. 
Mudi silver is obtained in this manner, but most of the gold is de- 
rivet! frttm gold quartz deposits, properly speaking, or from pUceis 
caused by the wearing down by erosion of tlnise deposits; 

smii j^iteatoA. 

It is diflSoult indeed to give in a few parngrnphs even an approxi¬ 
mate idea of tho gold and silver deposits of the North ^Vniericsn 
corditlenu The annual yield of ihei region is onornious, attain in*' 
now $i:i0,000.0()0 in gold and nearlj' $100,000,000 in silver. 

A grt'at golJ-produeiiig belt lies along die Pacific and reaches 
from California to Alaska, with local interruptions. These are the 
eldest de])osits of early Cretaceous jign und they have yielded vast 
placer or secondary deposits. Tlie annual pnxlnotion, including 
the placers, is nol less than $10,000,000. Geologioatly they are con¬ 
nected with the intrusion of dioritic rocks, an intrusion extimding 
like a gigantic dike along the Pacific coast mountains. 

Throughout the interior part of the t^^rdilleran region are num¬ 
berless smaller intiuacns of granitic or dioritic rocks, or of the 
porphyricH of tlu^ rocks, mnpi of them «f earliest Tertiaiy age. 
some II littlo earlier, uLhera a little Inter, Aureoles of gold and ail- 
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ver vein^ii surrouml Ihi^se iitlrusiDiL^, luid contribute from nuinf^mns 
^!cnter9 in the interior cordilleriin region to the total prodijction. 

Cod tact-inetamorphic deposits, formed ^There limestone befls ha^e 
m]joinecl the igneotjs eontucta and absorbed the eiiia nut ions from the 
intriLsive mn^iia, add their smaller to the prcciout^ metal pro^ 
durlion, but nre mmally richer In tlie base metala. 

Lfistly we have a remarkable type of vi^ins^ Avhicb occur in lava 
flows near volnanle vente, and which were, formed near the silrfiice 
by Jiot sprtng:^> charged with emanations from the molten rockss 
TliE^se deposits ai'e often wonderfully riclii biih in gold and silver^i 
They are the bonanza'” deposits proper^ the Comstoct^ Tonopah, 
ti-ohineld] and Cripple Crook are aniotig the more celcbrutc^l locali¬ 
ties of such veins; few" of them are found north of the Canadian 
l>oundary and none of tbem along the main Caniidian or Amerio.an 
coastf but they arc bt^st represented in Nevada, Arision?!, Utahi, and 
Cedorado. lu the United States tlioy yield nut less than $30,000,000 
a year* 

tioing farther south enter the great mining region of the Mc:^i' 
cjvn plateau. For nearly 400 yeans an unceasing streain of silver has 
poured out of the mines of Mexico^ and at I he present time the 
cfiuntry produces annually about 2^000,000 kilograms, or 04,000,000 
ounces of that rnctaL* Igneous rocks, both flows and intrusions, 
nbound ih ilcxico, and praeticaily liH of tho deposit-^ are of latest 
Cretaceous or of Tertiary age, Uius on tlie whole more recent than 
any of those of Canada and the Unites! States. 

The most celebrated silver mines are of the type formed in or near 
volcanic flowa near the surface. We need cite only Padiuca, Gtiana- 
juatOj and Zacatecjis: hut there are hundreds of other similar dif^- 
tricts. Of lato tlic iinnual gold prixUietion has risen sharply to 
$20,000^000 or $25,000,000; part of thia comes from silver or base 
bullion, hut ilic gn^atcr part is derived from veins in volcanic rocks 
similar to those ju??t described and situated at El Oro, in the State 
of Mexico. It should not be overlooked^ however, that there ore 
also in the Cretaceous limestono countle.^ though small intrusive 
mosses of diorite or porphyrici? arvjuitd which aurifertiuB or argentif¬ 
erous veins or contact-inetLimorphic deposits have hu-med, and which 
contribute their ^Jhare to the produetioru 

THI ASTILLE&. 

Evidences of a feeble mineralization are found in Cuba, Haiti, 
Porto Kicn, find Jamaica ami more nr less placer gold was obtained, 
partiimlarly during the Ki^ctoentli oenttiry from the first three islands 

*The totil pri^rimctlflu flf BlliTr In Afrtico Xm m 121,800 intiA, h qiui^- 

lltj fur |^dt«r than Uint Xtf ujr otlur coanlrj in 11)4^ Tr^ri[L (Sca 

Ki-Udirh nod Vofit IDI* Liigrmtiltra. xaL |S, p. Cb iStutOcnrt, 1^12)}. 
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iiatiicc]* Even now lOO ounces or so are washed annnully from die 
rivers of Porto Bico and {perhaps the same aniount from those of 
Haiti. The gold seems to bo derived from the ticinity of infnxsivca 
Eoch fls diorite and sserpenLinej in part^ if not altogether, of po^st- 
Cretaceous age. The gold placsers of Cuba were Eitnated m the mid¬ 
dle part of the island^ in the Santa Clara and Puerto Principe Prov- 
Those of Haiti are said to have been highly productiA'e in 
the early days of the Spanish r%iiue. 

CEsrmjLi. AuatTCA^ 

The Cordillera does not continue as an nniiroken diain from Mex¬ 
ico into Coloteibifl. The stnictnro of Central America is complex, 
with slion easterly trending ranges of older rocks in Guatemala and 
Hondaras. Fartlier south these older rocka are submerged beneath 
Tertiary and Rectmt lavas^ in part andesitic. The Isihcims connect¬ 
ing the two Americas ia in fact marked bj a chain of volcanic cones, 
niaiiy o^f which are activep 

Though some minemlization k found in the older rock^ of pic- 
Tertiary age, the valuable deposits are mainly in andeaitic or rhyo¬ 
litic rocks, and belong clearly to the class of veins which were formed 
near the surface. Some of tht^ yield mciidy gold, but in manv oa^^ 
they fire of the well-known type in which gold and silver occur to¬ 
gether without notable tiniounts of the baser metnts, The annual 
production of Central xLmerica ranges from $1,500,000 to ^^00,000 
in gold and from 50*000 to 75,000 kilogTatn^ of silver. 

(juatemnla oontriliutcs but littie, fbnugh there aru maiiv prospect -4 
and placers on Mattigua Rivet* on the Atlantic side. 

Honduras has the reputation of great richness. Its placera of 
Olancho and Choluteca were worked by the early conquerors* At 
present the greatest part of it.s production comes irum the gold- 
silver mine of Hosario near TegucigalpiL iTie Republic ia the largest 
silver producer in Centtri! Anierirn* Gold to the value of nbout 
$000,000 is produced aiimiHlIy in each of the three States^ San Sal¬ 
vador, Nicaragua, and Costa Rica- In Nicaragua rich placers have 
Iwn worked in the PrinJiaiiolca and other Caribbean riveir^j and the 
gold mining district of Pis-pis in the northeastern jmrt of the R&- 
public ha-4 lately attmctefl much attcntioik Costa Rica ha 4 had a 
coiudderahlo production from the placers of Monte Agiiacate, Tlio 
Abongare^t and Montezuma lode minesj on tho Pacific side, are now 
iho chiaf producers. In San Salvador the production comes krgelv 
from the Bolters minus. All of thi^ veins appear to be contained 
m andesite or rhyolite. 

We find the same comlition in Panama, though at present ihoru is 
little production from this State. The Espiritu Santo mine at Cana 
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noar the Colombian boundjitrj Iiels betm ^'ork«il £i‘om tbc ^venteenlb 
to the tv^isniieth ccDtur^ and the deposit is contained in Tertieiy 


THE Bomi coMiii jjoll. 

General features * — From Cape Horn to Colombia the South Ameri- 
mn CoritiiMera or Andes fornus a ooiitimioiiS ctiaia closely following 
the coast. Its width ranges from ItXl iiiilca near Ma^llim Sti’ait to 
5(X) miles in the latitude of North of Ilolivia it ngnln coii- 

traoU to a Avldth of about 300 nillesL It is considcriiig iu 
length, a narrow monntaLn cUuin^ hut nevertheless genenilly uiade np 
of tlirec longitudinal units. In Uie tiorth tliej are known as tlio 
eoiiterru central, and western cordillera or by other local naTne& In 
Peru iliey are spoken of os the Coost^ Sierra, and Montana i-egioiis^ 
tho last being the eastern slope of the Andes^ In the south there are 
locally four anb<livisions—^ihe coast range^ ibe western and the 
orn oordiUem, and Uio pro*Cordilleras or front ranges. Between tlie 
casstem and western range lies, in Boiivin, ihe Jiigh plateau or ^Alti- 
planieie^*^ In places, as in northern Chile and Lk>Uv!a, ihe western 
range ibsolf partakes of the character of a plateam^ 

Two ranges atand out by reason of great altitudes, both being rich 
in Jiuneral deposits, Ono is the Siorm lUnnea of northern Peru, in 
tlie wOi^ni Cordillera; the other is tJnj Cordillera Beal of easteni 
Bolivia whieh includes the high summits of Si^rata and Ilihnani. 

III. GKOLtXtV OF SOITH AMI^IEIOA. 

INTRODUCnOS, 

It Will he iidTuittcd that it is no easy task to condense in a few 
pages wbat is known of the geology of a continent; and for the im¬ 
perfections and omissions in tiii^ account I must therefore a^k tho 
indulgence of the reader. 

Broadly speaking, the mfist pi-ominont formations of the ^Indes are 
the Cretaceous sediments, which eslend almost witiiouL intermption 
fiTjm noiihem Colombia to Tictra del Fuego, Of licarccly less im- 
jxirtance thoifegh smaller in area, are the Tertiary and Recent lava 
floTv^i and the intrusive rnosscs of early Tertiary age* No great in- 
trnsiotifs of Cretaceous age appear to exist in &iiith Anirrlca, ah 
tliouglt the volcmnic activity in the Jura^ic and Crotaeeous was in¬ 
tense and yielded heavy massif of lava flows intcrii'iilaletl in these 
format ions. 

Mui-larvD (Chiidp LAOdt^cL. !»&&>, 

f fniiUh Ifciwnkniiij Piijittaitrpljilij th# Osiitnil J«aiiul of SokftCei, 

Mh «r., Tffl tBvia, PP 4 1P7 atMl ST3 (16490)). 
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As fur HE knowTi^ the ]>re-CaiiibrJtiii is only csixised in the north 
line] on the Argentine side of the Bolivian high plateau. 

OOWMIU. Ann ECUAHMI. 

The work of W. Sievers, A. Hettnor, A. Stuebel, and Hicodore and 
W. A. Wolf permits a general view of the geologg- of tlicsa conntrics. 
As already emphasized, the Andes of Colombia, divided into three 
chains, do not continue toward the Isthmus, but bend eastward 
toward Venezueln, The coast, both in Colombia and Kctiador, is oc¬ 
cupied by Tertiary strata. The Cordillenia oomsist in g^menil of n 
('ore of orystalline schistose rot^lis which ure generally referred to the 
pre-Caiiibrian. j\bo;e these there is a great break in both cnuntrieH: 
The Paleozoic and iho curly Mesozoic apparently are m1:a4tng. In¬ 
stead, the Cretneeous overlies the schlsUt and the extensive beds are 
divided into tlie Lower and Upper, the Litter being overlain by the 
Gaadcras beds, probably also Cretaceous, There was no marked 
folding during the Cretaceous. Quartz monzonltos and allied rocks 
are reported frooi many places; tlicy are older than the Tertiary and 
yoimgcr than the Upper Cretaceous. Flows of “ labradorite porpiiy- 
rite” and tuffs are embedded in the Cretaceous;’^ 

Tlie Cretaceous is u neon fornui bly overlain by the Tertiiirv. 
tites and tuffs represent the volcanic setivi^ of the early Tertiary, 
continued by llio ejectamentn of a series of recent volcanoes, most 
strongly represented in Ecuador. 

A sketch map of tho general geology of Ecuador, by W. A. Wolf,* 
shows similar conditions. Tiiere b a broad belt of Tertiary beds 
along the coast adjoined by & narrow' belt of Cretaceous with o-s- 
fioeiated eruptives. Then follows the volcanic belt, Quito being 
placed at its eastern margin, and the main cordillera east of that 
city b htiilt of granite anci crystalline schists, all probably pre- 
('aiiibriau. 

mitr. 

hfuch information on the geology of Peru b contained in the pub¬ 
lication of the CueriJO de Ingenieroa de Minas at Lima, which iodude 
also some of the important writings of Prof, G. SteintiianiL The 
results refer mainly to the western and central cordillera, and tho 
geological features of the Moniaiia sloi>e, clad in tropical vegetation, 
art* us yet little diiddated. 


»E. tA'bniniia: IbrlttfiMx ^ur pUu Cri OcblctM Qti«n,B BLa iludilaiia 

e'rvCbti'Fmnk'j Ml n«?ni1orliwht/ ti. Petirt^rriiphliichv pcJ, x:sx^ tjp 23J ta 

»si£<>tit'li bf [hr flrQlbjrr Vf fiU'iciiiltir KroDiiHUflinl In MlDlu^e mini ¥dL 

4 {JqIj 27, l'3l2n~ —* cr, 
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Steinmnnii^s p rofiled ^ from the Pucific to Rio Mam non sJiow ISO 
kilometers of Fpper nnd Lower Crotni::eons beds with interl'^edeled 
volcanic^ strongly folded and in part overturned toward the emst, 
Tliero are in the^ Cretaceous rocks niiifierons early Tertiary in- 
trui^OJis of gruncklioritc md por|)hyries (“Andesitiische Tiefengcs* 
teine^), but fow of tlieni are more tlnm 10 kilometers in width* In 
the valley of tlic MnrunoOt old {“ pre-Devoniau schists and gran¬ 
ites appear for ttie first time and probably form the ixiritinuation 
of the pre'Cambrian of Colombia and Ecnadon The pfitjihyritic 
intniaions are ejrtremely'numerous, and Steinmann refers to them 
o.H “laecolitlis,^^ though usually they have a vertical attitudCj coii- 
forrnnble to the surronnding sediments* Farther south tlie gran- 
odioritic batholiths becomo oven mote ahuodontj one exposed in the 
Riimm River being 50 kilometer^ in width, Tliey always metav 
jiiorpho^e the siirroniiding Cretaceous limestone. 

BOT-TYIA aaUTTftaiJC IIOITT, 

A section acitKSs tliis region, recently described by J. A* Douglas," is 
330 kilometers long^ but does not include the whole of the montaha 
slope. Here the Andes are divided into the western cordillera* the 
Bolivian high plateau or the Alfeiplanicie ” and the eastern cordillera 
or the Cordillem Real. The latter includes the highest summit^ nii- 
maiii and Sonata, but contains no volcanoes or lar^ ma^?es of vol¬ 
canic rocks. It 19 largely built of older Paloozie sediments (Cam- 
briau^ Ordovician^ Silurian^ and Devoniau)^ mostly dates and sand- 
stonesj and thase are intruded by masses of granitGj diorite, and por- 
phyripa. The Upper Devonian and the lower Carboniferoua are both 
ab^nt 

In the Altiplanicie we find the same folded Paleozoics, with trans- 
gi'cding Cretaceous in part terrigenoug sediments, such as those of 
CorO'Coro, The Cretareoue w covered by post-Miocene andesites. 

The western Cordillem along this section Is esseiiE tally a volcanic 
range with nxTmeroiis dormant or eJittinct volcanoes* and vast accitmu- 
hitions of including rhyolite^ trachyte, and imdesitc. 

Underlying those rocks and beautifully e?tposed along the Cliilcan 
coast as far north as Arica arc Jurassic and Cretacraus stratu inter- 
liedded with contemporary lavas and intruded by early Tertiary 
granular rock. The latter mngc from quartz monzonite to quartz 
diorites, and are accompanied by pegmatite dikes, many of wdiidi 
carry tourmaline. Tliese inimeives arc beat exposed in the canyons. 

Ml^IrsBlillduDff Tjna HMJKiUtittflnfr iB dtr Kordmi.'TT SDilaiKi^Hku < □ wIohiIjhtIm* 
IlimaiCtiau^ ml. 1, F«. 1-^3. 1ft 10). Uffber En*tknEe ItL Kurijltltw 

iSiljliimefiknj (LnUriuiUpiiJil UlUltlC CMffR-i?!, PQMel4orL laiO)- 

atTTmm Ibp Amkv. Id Ptn3 Lbil lUyartiirly iuarsal ol SckitMw thiI. IM. 

rt. UpL 1 in &3 iiai4) )* 
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Douglass regardis the intrtiiajve itKJta &f the eastern t*rilii]erT;i 
pdat-DevoniLiii and ure-Jumsaic in agej but this is nppHreatly not 
proved j sDiiko authcirs caJJing ihw\ early Tertiary ^ 

CIITIJK. 

Conditions simlliir to those just described prevnil in Chile, We 
find liere, however, n coast rnngo of loader elevations, largely made up 
of Meso^ie sediments with interitedded volcanies and a nmin western 
range, plateau like in tbo north, which is pumiounted by a iong lino 
nf active volcanoes and often rcnlly constittites the uesteni margin of 
the Altiplanicie* The basement on which the volcanic cones rest is 
Itirgcly of Mesostoie sediments, more or Icsss ahnndantly iiitiudcil by 
granodioritic rocks, Sotith of Concepcion the intrusive gninitio 
r(K."fcB increase in volume and are bordered on the by metamor¬ 
phosed sefliments of doubtful age in Chiloe Island and the Taytaci 
Peninsula, QcRnsers^ rcseurcUes have showTi that a vart Ijfxly of 
qtiartx dioritic intrusive, similar to the batholith nf British Colum¬ 
bia, but of greater length, follows tie coast from Puerto Montt down 
to the extreme tip of the continent 

On the cart aide this bntliolilh is almost continuously ndjniuod by 
Mesozoic sedinients* in which great flow^ of “quartz jxu'phyry,” 
“ ]jorpli>T!tes,” and their tuffs are cmboddinl- These oontmiie for 
1,000 miles or more northward along the pastern slopes. The nomen- 
elattire is njjen to objection; the rocks are rather rhyolites, nndeaitea, 

In this Patagonian i^ion tlic dist inction betwoen the coast, central, 
and east Cordillera is less dearly marked- Pra^CordiHenfis or front 
ranges appear on the east Bide and are made up of granitic laceo- 
lithic intrusions. Kast of these, again, are found vast tahle-lands of 
basalt and other Tertiary efFudves, which slope eastward and in 
place® roach iilmost across Patagonia, 

In Boutbera Putagonia there is only one period of folding, involv¬ 
ing Crct^iceoiis and Tertiary l>Bds, while fartbor north and Indeed 
through the whole chain of the Andes there aro two periods of fold¬ 
ing. one Jurassic or older^ the other late Mesozoic or euriv Tertiary. 

jiiin7:7fTr^'i, 

Tlie rtMzent wtwk of Argentine geologists, Buch as E. StAppciilKJck, 
n. Kcidel, and others, has given ns n dear idea of conditions along 
the eastern slope of tho Andc®. This is mrely a simple sloi>e hut 
iLsiially a succession of ridges, tiie more easterly of which are called 

M1co1iip,tiir|i i^rt3«^ptilKlM! la FjitaEfmljH-faffi CdrdUlern ttr{kia.liL IPt ir 

^Fmctk-ftlTj *11 Uac HClnai'fitB *f tbe rpflaQ of MH-feirlUn Straltil ajieI ^Irirm 4,ri 
rnr^ t.n MloDiis^ 10 Khtf MtKtt. Ob tb& v«tE cos^t Uit Iwthb^ 

llLbiC ntekm fm» tb< 
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Ulo prc-CoriiillGro& In tte extreme north, in Suita and Jujtiy 
Provinces^ really the eoDtiniiatioa of the Bolivian AUiplaniekj the 
Paleozoic according to KeidulJ nlth niarktKl discordance on 

phyHites and quartzites of probably pre-Cambrian age. 

In the eastom main Cordillern the marine Mesozoic < Juras?!*? and 
Cretaceous) rests iinconformably on Ehe basement of Paleozoic slates 
and incJndcs great masses of flows of ^quartz porphyriesand 

nielaphyres,^ L c,, rhyolites tmd bosilts* 

In the pnj-Cordillera of San Juan and Mendofsa- there ai^ heav'y 
contineuial deport N of upper Cnrlioniferoua to Upper Triassic agp^ 
resting on a Piileozoic folded basoiuent. Aocoi^ling to L Bowman 
and other geologists these prc-Cordilleras continue northwartl Into 
Bolivia and here also consUtj in large part^ of continental saiicistoiie 
depuaits* Small arcus of porphyries and granite are intruded in 
these rocks, Tlie series is gently folded lovvard the east. 

On the eastern slopes of ilm Andrsi, sedimentary rocks generally 
preduiiiinate. Two periods of folding are recfjgniaed—an older 
Paleozoic and a younger Tertiwry innvcunent, the latter being desig¬ 
nated as the properly Andenc disturbances. Along the easteni bor- 
dec tJjc latter is markerl by oveilhrusts uiid overturned foldst 

IV. inS^TRIECTION OF MOtmi AVlKnt("AN t>P (JOLD 

AND ail-YKn. 

In the following para graphs a brief summary is given of the dis¬ 
tribution of the precious metal deposits in each of the cordillentn 
States of South America* 

CaLOUBlAr 

In Colombia we find the principal gold belt of the Ande^, whJcli 
under iidvcrsie circumstances yields annually a notable prtxliictton of 
$;4,0(>flj00[) (o $4,000,000, Tills production b probably capable of mn- 
siderablc expansion.* The total yield of that country^ as caluulatcii 
by Vincente Hestrepo, amounts to about $T00,0<H),IW0; therefore 
Colombia tokos its place among the great gold-producing regions 
of the world. 

Tho deposit^^ are mainly In the western and central ranges, w^hidi 
do not continue northwanl into Patiunm, but bend eastwanl toward 

* tTctrtr den Oflia tOr ArgscntlnlB^lkPll Ani1» (aiflUP|f»bpri^tai# ^Icr KmlHrllcheii- 
aCb1«11d3i!n AbsdL-mifi der WuRll»dlfi.tt«l (Wlim, IQOTU 1>. ai!>eT4, OO. CXVt, Ai*T. 
me Drig^mi ErplADiMe Llor StAAtilcbui ^Io^hIicd UDtemrlutb^d Id Ar^dEJal^n 
ICamptt^ Rjj'DdD^ lltli Conp^ G^logt^g^ ] Slockholii]. pp. 1127 ta 

1141 (IDIQ).}. 

■ll. SltetMnabedc; Frc^CHnililrrB -dc Bab Jaali jr MiiLk^Ef1& do 
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VeneztielH, The cnsterit ruiige, in which the city of Bogota is situ¬ 
ated, appsnrs Co bo lacking Ltt precious metal deposits. 

Hen Ay gravel deposits containing gold and platinum are found 
ahmg the coast on tliO Atrato and San Jnaq Bivers, hut the ricliost 
placers, some of which are now being dredged successfully, lie along 
Uic drainage trending northward, in the ^lagdaluna, Porce, Cauca, 
anrl 3fechi Rivers- Those are deposits of great value though dtlScill- 
ties of transportation and climate liave interfered with their suc- 
ce^sfid exploitation. 

The majority of tlie lode mines are in the departments of Antto- 
fjuia, Caiica, Bolivar, Tolima, and Santander^ of which the firet two 
are the most imjmrtaiit* 

The deposiLs are mostly typical quartz veins, often with crystal¬ 
lized native gold, and more or less pyrite, pyrriiotite, arsenop'yrito, 
chalcopji'Tito. gaiana, and blende, occiLsionally also tclurides. Tlioy 
nne closely related tO tbo Ciiliforain typo and undoubtcrlly allied in 
their genesis to intnisive rocks. Though the deposits iisnaltv occur 
in granites and stshi^ts of probable pre-Cambrian age. porphyries or 
mouzonltes of much later date (probably early Tertiorv} are tistinlly 
found close to them- These intrusive rocks have sometimes been de- 
H^ribcd as andesites or rhyolites.' 

Among the deposits there is also another class, the representatives 
of whi< b yield gold and silver or silver alone, and which occur in 
undoubted flow rocks, such fls andesite and rhyolite. Many of them 
contain stibnlie, tetrahedrite, pj-rargjTite. jamasonite, and stephanite 
and were formed under matcfialiy dlffcient condilions and uiiar the 
surface. Such mines nro those at ^Fnrmato and Echandia in raiica, 
and those near Mnaizales on the boundary of Toliiiia and Ant ionuin. 

Altogether ('olombia must be considered as tlie moat promlemg 
gold-bearing region of Soutli Aincricii. 

TXnJAOCU^ 


Apparently Ecuador is not rich in deposits of precious metals 
The coast is occupied by Cretaceous and Tertiary sediments, ihc 
. former including some intniaive rocks. Theso are adjoined by a zone 
of igneous How rocks of Tertiary or Recent age, surmounted bv 
volcanic cones, while, according to W. A. TV'olf. tho best authority 
on tlie subject, the main or eosteiyi cordillera is built of ancient 
schists and cr}'sta11ino rock.'!. 

Almost the whole of the moderate production of a few hundred 
thousand dollars comes frmn the ancient mines at 2aruma near the 
Peruvian boundary and 50 miles from the coast. According to J. R 
Pinky, theso veins are contained in a fine-grained diorite. In the 
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K«in(?nildas tionr the const and the Colombian boundary- there ilto 
| diicer deposeJ Us wLidi have not so far been succfiss fully worked ; the 
eastern ranges are al^ said to conlain placers wbkh may be derived 
from deposits of pre-Cambrian age. 

The conditions in Pern are very different from those in Colombin. 
There are relatively few gold deiKJdts—sonje veins are being worked, 
and a certain amount of placer gold is oHamed from the montanu 
region of southern Pertu The anniinl production of gold b rarely 
over $500,000; Uianks to the curef ul work of the Cuerpo de Ingeniero^ 
do JWinas it is possible to gwin an exact idea as to its derivation- 
Half of ihe production comes from tlio copper of Cerro de Pasc^o* 
One-sixth is derived from placers and one-foiirth from gidd-quartz 
mines preper. 

On the other band, Pern b the leading silver-producing country 
in South America, the present atimml output being about 3,000,000 
ounces or 300,000 kilograms. Of thb again more than one-hsdf ia 
derived from the copper mines of Cerro de Pasco, a smaU amount 
from lead bujlion, and the remainder from silver or gold-silver 
^ieposits; 

It is well known that Peru has jdelded an cnomioiia amount of 
silver* Professor Vogt has estimated 35,000,000 kiiograms ns the 
production frnni to 1010. Whether this accurate or not, it is 
certain that Cerro do Posco has contributed the gicater part of the 
silver of Pern. 

The silver districts are very munerous and generally situated in 
the western cordiUcm in the Depart manta of Cajamarca, Libortadi 
Ancachsj IluanuoOi Juin (Cerro de Pasco), Lima, Iluancnvelicft, and 
Arequipa. It wmuld seem that the silver production could he con¬ 
siderably increased. 

Geologically there is alifo a great differonra from condifiotis In 
tolonihia. In Peru and Chile we find along the coa^ and central 
Cordilleras a strong development of Jurassic and particularly Cre¬ 
taceous iiedimentst folded and in part overturned toward the east 
Thewe Mesozoic sediments contain embedded lava flows of the sniiio 
age, which, however, do not appear to bo of Importance as regardEi 
luineraliziition. 

According to Prof. G* SteinmatmJ ihe great majority of Penivian 
licposits arc undoubtedly in close genetic connection with numberless 
small intrusive masses of “ andesite ,^ dacite,” or ^ Up®rite.” These 
names arc confusing for the rocks are really deep-seated dioritk or 

^OtblrcftbllijaAE un^ MuMnueetifln? In der K^rOnim Oadftmvm*# 
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motiKonitU: porphyritsi iaot ut all coDUi?Ctecl witli the eirualvea ^ tif 
flow rocks. 

It is tbiiB clcer timt prartieally all of the PeniTian deposit? arc of 
tho iiitennediato type, formed far below the silrfscc. It is doubtful 
whether there are in Peru any deposits of the type of the Tooopah, 
Comiitock^ or Fnchuca vemfi* 

The Cerro de Pasco deposit^^ for instance^ occur in or close 
to a stock of “dftcite” or “biotite andesite,^ wliich has metamor- 
photicd the surroimdiiig Cretaceous sediments* The proper naiue 
would to be biotite-dioritc porphyry. In their upper levels the 
veins carried probably sccoudar}' silver ores of wonderful richmsSi 
while in depth they have been found to contain low-grade copper 
□res, whieli now form the basis of a groat Industrial enlciiirlse. 

Besideti the sniflller bodies of intrusive porphyries, there are also 
niunorous Large intru&ive masses or ^^batholitli^jof gmnoilioritic 
rock^. Some of these form the eentrid parts of Uic great I'ange^i utid 
thev may continue for s long dhrtance with a width somctinieH reach¬ 
ing 50 III lies. Around these ahjo there bin? been more or le^ minerali- 
scation^ but of ii more feeble character tlinn attelulcfl the intrusion of 
the iHiiphyries. The time of mtru^Iou is talicii to be early Tertiaiy\ 

In the gold-bearing region of southeaslern Pern (northeast and 
north of Lake Titicaca) wo hiul <lilTeivnt conililioiis^ Hero tlio 
folded eeilimcfitnry rocks are of early Paleozoic ago and iiioro or less 
intruded by porphyries and gianodiorites. This^ is in tho regions of 
(artthaya and Randiaj and the Inambari Basin on the montann. 
alope. A very widespread, thongli not intense, mincmli^.tition hua 
taken place j the primary gold deposits are apparently poor but tho 
phicera are widely distributed and numerous; partly sucee^ful at- 
tempts have Idocii made to mine them. This licit is, in fact, tho 
northern continuation of tlie great tin^ilver-gold belt of the eastern 
range of Bolivia. 


IKiLITIAk 

Bolivia produces little gold at the present limoj. but ite placers on 
tho njontauA siile have at time^ yielded heavily* 'flicy \\^ ^ii thu 
eastern slope of the great rango, east of Lake Titicaca, which counts 
among its peaks Sorata and lliimiMii, each over 21,001) feet in eleva¬ 
tion. Celebnited among these were the placers of Tlpnani on the 
east slopes of Somtn, which have yielded great amounts of gold since 
the time of the conquerors. Them are muny other localities south 
of thisL Other placers hat^e been worked rea?utly on the San Juan 
Biver near the Argentine boundary. At the present thiie only two 
gold veins »ro worked, both in the eastern range and said to he of the 
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“saddle rwf*' type inclosed in slates and sandstones’ The quartz 
and free geld arc accompaniwl by pyrrhotite, arstnopyrite, and 
pyrite. They thus belong to the mterniediate type accompanying 
intrusive rocks. The ore is of low grade. 

Bolivip points with pride to its production of silver. The yield 
from l.i33 to 1910 is stated to have been 48,800.000 kilograms, to 
which the mines of Potosi are said to linvo contributed no loss than 
30,000,000 kilograms, making this district the greatest silver mine tho 
world has known. Nor is this large production entirely a matter of 
the distant past, for it is said that the Compagnie do Huanchaca do 
ItoUvia sent to the markets of the world from its mines;, which lio 
to tho sontk of Potosi, silver and load to the value of $li0,000,00l> 
between ihc years 1873 and 1680. At present Bolivia yields 80,000 
to 150,000 kilograms f2,500,000 to 4,800,000 fine ounces) per annum. 
A large part of this comes as a by-product from the tin mines; 
another part is derived from the mines near Hnanchaca, 

I’he great minern] belt of Boliria lies in the extremely rough chain 
which forms the eastern border of the Altiplnnicle or high plateaus 
of that country, a region of Paleozoic folded slates with intnisive 
cores of diorite, granite, and porpUyritic intrnEions, Volcanoes and 
lava Jlows are generally aljsant. In this range there has been pro¬ 
duced a widespread mineralization, in part of gold but more char¬ 
acteristically of the peculiar typo of Bolivian tin veins first described 
by Stdzner, and curry ing both silver and tin. All these deposits 
e.vtemUt]g from the Peruvian boundary almost to the Argentina 
border aro oeruinly of the deep-seated typo connected with intriuiivo 
rocks. In general, these are iiorphyritic, and may be designated ns 
quartz porphyry or gruiiitic porplivTy. In the literature Lliey nra 
freqTiently referred to as andesite and rhyolite, which usage tends to 
pnaUico on erroneous impression. There are probably no deposits 
in Bolivia of tlie typo fomied near the surface in flow rocks. 

Interesting changes are observed in depth. Just as the Cerro de 
Pasco silver v'eins turned into Inw-grndo copper veins in depth, so the 
wonderfully ricii silver reins of Potosi arc shown, as the great moun¬ 
tain is penctrnl*c1 by deep adits, to have been transformed into 
pyritic tin-bearing veins. Tho silver profluction from tlus district 
is now i>f Smaller moment thun former!v. 

CHTm 

Lack of data makes it dllficiik to review at a ctistance the 
dcjtosiLH of Chile, Tim Kcpublic of Cliile, so progressive in other 
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Tcspcrfs, Ini3 little effort to stuilv or keep lutfluut of it^i riilnerul 
deposits. 

The narrow atrip of coaMt occn|>iefl by the Ilepiiblic is in few 
plnccs moiv liiiiii 150 miles wide, hut extends fncjin tlic eighteenth to 
llie fifty-sistb liegrccs of south ltttitucl& From latitude 20“ lo S6°, 
n dlsLance of 1^00 tniles, this part of llic Paciiic slope ia nunemlized 
in n qotnpleix and nmnifoltl way. wbilo the remaining distance to 
t'npe Horn contsiLns esiremely few gold nnd silver deposits. Thi,s 
is surely a reninrkahlo feature. 

It is not niy pur^iosc to describe the great resources in copper 
which have lately been develoiwd in Chile; llnjsc dejKiats as a rule 
contfliu Dttle or nothing of the prccioiLS metuls. Chile has never 
yielded very large amounts of gold. At the prcseni. time the pro¬ 
duction appenrs todiminishing, asntny he seen fixun the following 
table, and does not exceed a few hundred thousand ilollani per 
annum. Tlie silver product ion is a little more valnaide, but scarcely 
reaches at*,000 kilogram.^ (060,000 ounces) per annum. At no time 
has the silver reai:hwl I ho figures of Ilolivia and Pern, all hough 
the rkh deposits of the northern coiuS during ii short pcriorl in the 
nineteenth century made Chile prominent'among silver-producing 
countries. 

The present niorihnnd condition of the industry' certainly ft]ipc 5 ir 3 
SI range when we consider the nlmost continuous cIiilId of mining 
districts extending over a distance of 1,200 miles. 

Tlie total gold prcwliiction of Chile freoi the sixteenth ceninry up 
to lt>06 is cstinuitml by Ilcrmnm* at 1^12,000,000. or less than a 
third of that of Colombia, 

The total t>ri'dticti»n of sliver k Bfrtimatft! nt O.fiOO.OOO kilognims, 
only a small ptirt, it will be observetl, of the yield of Pern and 
Jhdiviti, 

ITie nojlhern half of Chile sliows in general a geohtgical striielnre 
similar to that of the western cordillcni of Pom. The Jurassic nnd 
Cretaceous foniintioris itre strongly develoiwil with conteinporaneons 
lava Hows of great volume. Into these are inlnulefl granite por¬ 
phyries and diorite pnrphjTics in smaller 3100105 . as well as mauv 
Invtliolitlric moijHCS of granmlioritic rockH. Ihith of these kinds of 
intrusions have brought mineral deposits. There are finally heavy 
nnisses of late Tertiary lava Hows, and in these we find a few repre¬ 
sentatives of the type of precious metal veins which were formed 
near the surface. The great majority of deposits are associated with 
intrusive rock-s and many of these carry tourmaline witli copjier 
and gold, inrlicating that they were ff>rme<l under condiLions of high 
tciiiperuturc. It is necessary to read the descriptions ciitkally/for 
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lierv, m elKtuijere in Aiperiavii tit^raturLv Eiiidi 5 i 5 U«} dneite^ 

ttml rliyplite jire nmiies often iisetl for intinjiiive Teitinry rncks, n 
STJFTivftl of the old view thnt any Tertinrj Tokanic rock iiiuiil: befon* *^ 
to one of lliese ixM*k type??. 

Some ^old-lwHrinj^ v^ina are found in rhyolite uiicl iinint! flow 
r^K'ks, for instaoce, at fhianiieo^ 5aotithcast of Antofnf!ifcM.LE/prijliaijly 
ttt Sierni Qi.^eruT soutlieast of TalJal, and at AndoeoHo. sotifh^ 
tvTst of CoquimlKi. Ollier veirifl ram ing both silver und gold rici'urj 
iiei'ortling to Jh>('riL'keJ in iinilej^ile tlowjtj in part hi^aee^iiL's^ for 
inslanco, of Biituco and Cerro Bliineo. Am'jfircling to Moericke all 
veins of llik typo to have a tendency to piny out at a deptlLof 
a few hundred feet 

Much more niimerons an' the gold fpiiirtz veioii mnnnrlcd witli 
intnisivesj such as gninites and rinart^ diorites. We find them at 
Caiintillo^^ norlli of Taltal^ in dinriic intru^ve in C'retaceoiia lime¬ 
stone, Others are found afi®otdate€l wUh tnurmaline and copper oresi 
at Itemolinc^ in Atacama, at Tam ay a and La TTignexii in Coquimbo^ 
and nt Toiidefi in Santiago. Another gold belt extends from 
CtHpiindm down to Santiago, and to Htincapia anrl Tailca, south of 
tills city^^ Tlif^?!) <pmrt z. wxiia occur mostly in granite neair the c^ni- 
tact of scliif*, 

’WTiile silver is sometimes associatefl with gold- the richest silver 
mines of C'hile^ wliirh jdeldcd great ainouiiEs of tiie metEil in the 
nineteenth century, occur as n nile sepantte So. Mesozoic limestone, 
intruded by or interluHlded with gn^m-vtones of variosts kinds. They 
lire t hartirierixixl by extremely rich ore and antimonial and wr^nical 
silver niineruls; pome of them also contain silver amalgam. Their 
genef^is hi doubtful. The giiiigtie h lUEiinly calcite. In depth iheso 
veiiis ulso are dis3ip|>fjinting und the silver pniulnelion of t'hile U 
nrjw only ei fraclion of what it wari when tltese rnine^ were in 
lK>rmu^a« 

Among those cfdehratetl districts infiinly situated along the coasts 
tux' TlEianfnjayrt and Cludhicollo near Tqiihpie, nianurcillo (50 miles 
soulh of Copiapo)^ and finally n group of districts including Ar- 
iiiieriis and Comloriaco (lOO miles south of Copinpo), 

The great Ii>w-^de copper depi>gits. such as Braden and ChTtqiu- 
camakj appear to eonialn very little of the precious 

Til remarkalile contrast to the northern lialf. so rich in precJoiis 
mctjtl depositsj the soiithem part of the Kepublic appears to bo 
nmnstingly |>oor in mineral deports, Si'areely any mines are re- 

^\\\ Elnlfc Boobaclltmi^Q Cbll<!aljiclki« (TBchormak^ 

MIcl h. Fflt, ^lttpIlTaDSL‘H+ trtl tU, JM lA ISit (iHai}). 
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IKtrted from this rcfrion oxcepf nn niirifernns rein worked by (lie 
Spanknls near Vaidh-ia, and some auriferous beatdi sands along 
ifuud, for itiatuUi:!o, on CJiiloc I^iantL Kot. until we reach tho St mils 
of >bigielkn are tliere any producing deposits. At Piinta Arenas 
on these straits and on tlie eastern side of the Andes tliere are gold- 
liearing gravels rich ciiniigh to jtL^tify dredging. .Similur phieera 
are found on the south side of the straits In Tierra del Fiiego. About 
lOOi a dozen dredges wern erectiMi here and for a niindwr of years 
these gravels have contrlhiiteel largely to the gold product inn of 
Cliiie, yielding annually up to $lOt).OtK). Tha production ha? do- 
creased mat nr hilly diirisg the last few years, owing, it is sftid. to 
diHictilties in dredging ilie howlderv' deposits. 

The dilfercnce in niinemliKation is intimately (■ninieclo:l with a 
great, change in topographical nml geologicul coiiditions' l''nim 
latitude down to Cape IToni the cordillera is invaded bv the 
ocean and by ice, TLh westerly margin b cut up into nn iiitrlcuta 
sj'‘stein of fiorris, and Its aummits lire clad in the armor of imiiiensa 
ice fields. A huge bnt.holitli of granitic and dioritic rocks octrnpies the 
whole western range, probably fri>m Tueiio Monft to the tip of ihe 
i-ontbent. TJiLs constitutes a striking auiiiogUG to the liathoTitli of 
British Columbia; it is of pn'ater length and it* width In many 
jilocea reaches 100 kilometers. On the east side the ics fields often 
rover its margins. On the west side the iidjoUilng sedimentarv rocks 
sinj largely siihmerg^-d, hut on Wellington and Chi loo Tsiniids these 
wistem sedinientaric.s licgiu to appear as inetnmorphosed scliUts of 
nncertiiiii age. All along the cnsteni side the batholith Is intrudei] in 
.Mesozoic (Cretaceous and Jura5islc) rocItSL Along the eastern edge 
of the hitter wc hud agiilii front ranges of gnmitie Imjcoliths, such 
as Cerro Payne, Cerro IJalmacwhi, etc., most of them consisting of 
granitic rocks. There is little doulil that tlie gold placers of Pujita 
Arena.s haw ilen'vrti their riictal from the mineralization jiloiig tho 
eastern side of the great Chilean ijatholith. It w-oidd bo strange if 
tills batholith would not be atcompanieil by iniiinral depositii. Tluit 
no such havo been found may in part be accounted for by the ei- 
tensive present and former glnciation which would ilestroy most 
placer deposits and to the fact that the region la tstmuely inhos* 
pitable. It woiihl not Iw isurprising if scientific prosiiecting along 
the bordpts of this batholith should lead to the discovery of gold- 

AiEUtrm^rA, 

The present Argentine production of gold and silver Ig very small 
indcvtl. and the counthas never yioldetl Inrgo amounts of these 
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The sjerrfis of the pampas^ like tliat e^endin^ from San Liiis to 
CordoYii, contain a feeble pre-Cambrian or early Canibriiin miner- 
niisciition. referred to above^ but theise <|iiartK vcitib appear to be poor 
in gold and silver* In the same vicinity there is also evidence of a 
much later development of gold depasits, perhaps connected with 
the elfiision of Tertiary andesitic lavas, but these veins which have 
the character nf criishral or sheeted Kones are also poor in gold,* 

Tlie whole eiasEem slope of the Andes from the Eollvian plateau 
to the lutitiKle of Sant iago do Chile shows a relatively feeblo mineral- 
ization. Tho slopes of the central cordillera ami the pre-Cordilleras 
are largely composed of se(lifn.entary rocks folded^ overtnrned, and 
iivcrthnj^ted toward the eiisl, with relatively small anil inconspivn- 
OIJ5 arejLS of Igneous rocks,“ which are designate^;! as andesitea and 
dncitesj but which in reality seem to be hoiocrystalline inlrtisives. 
There are alwi smaHer areas of gninukr iwks of Tertiar_v rtge, which 
were de^iignatetl as “Andon diorite"^ by Stelsmer. 

Gold^ silver^ iLiid copper prosjxN^tg are radier abtmdrmt^ but at very 
few places has serious w'ork been undertaken. Tlxe most important 
deposit, locatetl nt FamatlnAj is a copperdwaring vein with sulphar- 
senides and antinionidcs of copper and very little gold and silver. 

The ejLstern flhipe of the Andes in the northern half of the Argen¬ 
tine Republic k compambla in a way to the eastern Eockj’ Mountain 
chain of Canada* Tkdh show overtnnieil folds and overt hr lists 
tow'ard the cast, with eijoiparatiwly little of intruaive rocks and 
attend Ekiit mineraUzation. Tlie gtild-silver-tin belt of the 
lloliviun eastern curdilicni appareistly does not enter the Argentine 
territory* 

No lode deposits are reported soiitli of ^lendoKa, except on the 
head wafers of Nenqnen River j at about tho latitude of Concepcion 
in Chile, where I here is a mining district of gokHieaHng quartz v^eins 
in granite of uncertain age, Considenible work has been done on 
these, hut the expected pnxlnction does not. seem to have l>een real¬ 
ized. The ore k apparently of low grade. Tlie only other precioua 
metal deposits reported from the eastern slope of the Andes in 
Palagonia are placers of doubtful value on the headwaters of Chu- 
Init^ Rio Gallegos^ and other streams. Placers and some lode mines 
limve been taken up at various places on tlie Argeniino Tlerra del 
Fiiego, but little information is available as to their values. 

As observed above, the Mesozoic beds of the PaiagoDian cordillera 
and eastern cordillera are intruded by laccolithic and batholithic 
maases of granitic rocks, and careful prospecting might well yield 

^ t*. Oerth- Coo^tUt^l □□ i^kinflca dc la PTotId^U ili.' San Ldli tAcuLlcii UfnL*t<^rlo d« 
AfrErEtltiari, HnrtfQQ flNloilca, Tafn<^ No. 2, 1214). 
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fttvornble rtsiilta Tlic gluciaLion prftbablj' would hove clestroved 
any placei's which tnay have PXisftiHl in tlik re^fion, nnd (Ills jjniile 
for the prospector is, therefon:, pieiiemlly lacking, 

V, frmil^AIlISriN OF THK TWO CONTINENTS. 

Tt Imslwen shown tluit the )3re-Cambrian and cnrly Paleozoic gold 
flcpositi? prwloniitiate in the eastern part nf Xorth and Soiitli Amer¬ 
ica; that they are scattered irregularly over n wide territory and do 
not form wpll-defined IhiUs except Itioilly; and that the heavy pm- 
dnelton is very much localized. There is reason to believe that such 
deposits occur hero and there in the pre-Candirian nicks of the 
fordilleraii regions, though they are rot easily ditferentiated from 
the later cortlilleran period of minemlization. We note the marked 
localization of riel) depiiails in the Black Hills and in the. Porcupine, 
which may ho comparwl to iho Btrongly auriferous districts of tho 
Gnianiis and hliiias Gerufts. Wa oliserve, ttliso, Hint ns far as this 
earliest mineralization is coiiccnuhl, both continents are ahont equally 
rich. No silver'dopfjslts of this period, such its are concentrated to 
sucli a remarkable degree at Cohiilt, Onbirio, are Imown from S^onth 
America. 

In the rordilleren region of Sonfli Aincrica the principal and 
ulrnost the only piiriod of niinei’iilixntloii seems to Im thiit of tiio early 
Tertinrv, while in North America an imiKirtant. scriis of deposits 
diitw freiin the early Cretaceous. Tlie batliolithic and snnillcr In- 
tnisions in South America nil appear to date from early Tertiary, 
and tiic evidence of elo,v connection lx>lwcen intruKion and iniiieralh 
Kution is Ciiniulatively strtmg and convincing. The same general prln- 
eiplos of association of tho two ngendes apply in the two continents. 

So fnr, no definite evidence has been adduced thnt tlic grait lava 
flows of the (Tnrassie and C'rebiwons contain mineral dep<«it 3 of that 
gcnORil age. In North Americii iiiuny introsions—in fad the gia'nli'wt 
hatholitlis—^^otc from the earliest Cretaceous. No such occurrences 
are found In fwiilh America. 

From northern Mexico to Chile the Cretaceous is hy far the ninst 
prominent of (lie sedimentary formations, while the Carboniferous 
limestone, so iniportaiit for the miTiendization of the Cordilleras in 
the UniU^d States, is entirely lacking. 

Another interesting feature ia the great scarcity In South America 
of Tertiary de|Nisits of gold uud silver occurring in late Tertiary 
lavas and formed close to the siirfnee. Popularly the majority of 
ileposits in South America are ascribed to this group, and even (he 
latest textbooks full into this error. There are some of these inter- 
fsting and rich di'pcjsits in tiie .'itiutlicrn Prorinces ipf Colombia, but 
none have been recortled in Peru and Bolivia, In Chile they ro- 
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uppi'cir iit some plac« sucli 4is (liiiinsico^ Sutiico^ and Ct^rro BIfLnci\ 
bnt compared to thfi deposits of other classes tlio)" are rare. This 
is refnarbiiblcj w hen wo cousider the widespread occurrence in Cen¬ 
tral America^ Jlexioo, ond tlie ivestem United ►States of dei>osjts of 
the type of l*achiica, fiuanajiiato^ the CfniiHtockT and Tonopah, all 
inarfcod by certain well-defined cbanLcteristlcs* 

A largi! niimliCT of dejxjsits in Cnloiiibia^ I loll via ^ and Chile ap¬ 
proach the higli-tem]>Braturs veins by their content of pjiTrhotito 

and toll rmalini'. 

A curious fact is that^ so far. no cdntact-metamorphic deposits arc 
described fmm Pom and Chile, althotifdi metainorpliism of the 
Crcti^ceoTis limestone by the j^ranodioritic intTiision.s is often meti- 
tioned* In the Cordillera Kenl of liolivia they would harrlly he 
expected, for there llie intruded rock is gcnendly a slate or sundstoiic. 

Tlie poverty of (he eastern front rangfc^s of the Andes is paniUeled 
by the lack of precious metal depo^lls in the eastern or Ilocky Sloun- 
tain Range of Catukda. 

Xort li America stiiiids out. in its ricliness of placer depotsits dcrive<l 
from veins of the Cretaceoui> intrusive periods In South America 
there is no real rounterpnrt to the great placers of Califoniin, Idtihoj 
Montuiiii, ^yaskiL, and Yukon Territory* 

The placer deposits of the Andes, which were locally richj were 
niastly found on the eastern slopes of the eastern ranges, and were 
derived from goliI-beaFing veins jn Paleozoic slates, wiih intruded 
granite i>orphyries and allied riKrks* 

Colombia ^;mds otit prominenlly as the most valuiihie go1dd>earjng 
region of the Andes, fivkm wdiiL-h, in spite of many dilRcuIties, wo may 
e.vpei‘t a conhiderably ^ncreai^e^^ production. 

The next region is formed by Peru nncl northern Cliile-—a region of 
very numerous mining districts in which the minemliKation h chiefly 
in the direction of silver and copper with a few gold-bearing locali¬ 
ties* which, however* do not seam lo Iji* able to achieve great pro¬ 
duction. Xo doubt the silver output could Ims mntcriBlly increased, 
partdularly where silver occurs with eopiier. In looking over the 
iiunieroiis gold-bearing districts of central Clule the student wouhl 
like to nscertam the conditioas which in so favored a country have 
held back the production to such a marked, degreo. 

The third region is formed by the CordiHei-a Real of RoliTia* with 
its rich mineralisation of tin. silver* and {subottlinaLely) gold* Un¬ 
doubtedly this region is one of the most protoisiiig in South America. 

Lastly, 11 striking contrast is presenteJ between the two tips of the 
cordincraii chain. At the north ig Alaska, rich in gold, at the south 
is tlie PatagoTiian cordillera, with its gigantic liatbolith, so promising 
theoretically, so barren in reaUty. It is baiely pos^sibk that theory 
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maj be vuidicetei] and that Tuluable deposits may be found bereafter 
in this Ticinity. 

It is diflicult to aToid the conclusion that the South Amcrknn Andes 
are someirbat less intensslT mineraliaed in predons metals than the 
eOTTCsponding chain in the noTtberii continentf and that even progrefis 
and enterprise will bo unable to raise its prodtiction of gold and silver 
to approach the figures attained by Xorlh America. 
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THE COJIPOSITION' AXD STRUCTTIRE OF METEORITES 
COMPARKI) WITH THAT OF TERRESTRIAL KOOKS." 


By Giu>]ui^ I*. MKnmr.T., 
Uma CuTQt^ir aj Geolo^u, V. &. Kutk/ttal 





The name ^meteeHto'^ k applied to masses of stone and iron 
which oreastonally line] their way to the earth from prpace. They are 
the tangible evideiices of the ukntity of matter in the meteor or 
siiooting star with that of our sphere. Their falh if such it can 
preperly be called^ ta accompanied by n rush ancl roar like that 
attendant upon thp swift flight of any solid ijcxly through the atiiHis- 
phere- Alniosl inTariohly^ ulsin there is un explosion or series of 
oxpiosioEis giving rise huh ids comparahlo to the firing of miiskntry 

or hear}" caniioiiaJing^ Falls occurring after sundown are usually 
aecompanieil by a trail of light 
whidi k due to coiiibu.slioii caused 
by the pressure of the atmosphere. 

Few accurate illtistratJoiis of falls 
are avnilable, since the brief time 
occupied by the idieoomenon gives 
little opportunity for photograph 
or sketidi urui Uh} intich is left to 
tlie imagination (□ make them of 
value. Those here given (pL 1) 
are of falls which took place near Quenggoiik in India in 1857 
and in Knyahinya in I860. The meteorite as founds if a stone^ pre¬ 
sents almost invariably a tfaiji, glassyj dark colored crusty which is due 
to the fusion of the meteorite on its outer surface and the rapid cool¬ 
ing which ensure on its reaching the ground. In many lEistancre^ it is 
beautifully fluted by this stripping off of the fused matcHnl in its 
flight through the atmosphere^ as showrn in the stone which fell near 
Rath Furnace^ Kentucky, l&fl3 (fig, 1}, 

Although it lA ebiimated that thousands and even millions of these 
bodies come into our atmosphere every day, but few' of them reach 
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the ejirth ia rKognizabla form, bcinj» «ntirely confiiimcd, wlillo of 
those llmt do siirviTe but n rojiipjimtivcly email iiiimbpr ore over 
found. TiViird, in bis sumiimry of IIX)*, gave the niiml»er of distSnirt 
falls and finds PMorded. and of whlcb specimens have actnnllv hoen 
held in Itiiman liands, ns SlB. The total weight of meteoric iiiutter 
annually add»l to our earth, a (.'onsidemide part of it probablv us 
mere meteoric dust, bos Wn esiimatoil at 1IJ0,WK) Ions. 

Meteorites, as they come to ua, are iiiiqucstioniddy fragments. In 
muny instances, perhaps in most tmstancea, their final bi-eaking up 
took place after entering olir atmmipliere, and to this is due the 
expWon which ia an almost inrsriable accompaniinent of a meteoric 
fall. Tlie smallest recorded ineteorito eonetitnting an entire fall is 
thjit of Miihlau in Austria, which weighed 5 grama; the largt'pl ia 
tlio monster iron brouglm by Commander Pearj* from Cape York, 
Greenland, in and which weighed some 371 tons. Second imlv 
to this is the so-called Bueubirito iron, u biigc, scaldike ma^ Iviiig in 
Sinaloa, western Mexico, which may perhaps weigh 15 to ^ tona. 
Both of these, it will bo noted, are irons. The largest known indi¬ 
vidual meteoric at one is tliat of Itnyaliinya. llmigarj*, whifh wei-rhed 
293.5 kilos or 345 pounds, ' ^ 

All meteorites thiis far found uro uu([iieslionahly of igntfjus orin'in. 
It Is ciistomaiy to divide them upon litbologica] grounds into tltrej 
classes which tnergo into one another, however, by all gradations. 
Th^ are: (1) Those of an abnost purely metallic nature, composed 
mainly of nickel-iron with nickel luid iron phosphides and! siilphideK 
which are knotnr as aiderites. Tbo Caans Grandas iron, neighing 
some 3,-107 pouiula (pi. 2) is u good example of this type. (i>) Ttiose 
consisting of n spongy mass of iron inclosing silicate minerals and 
known as stony irons, siderolitea, or pallasUea, like that of Mount 
I\‘rnon, Kentucky (pb S>, (3) Those which are essentially stouv 

Ihruiighuut and knorni us meteoric stones or aerolites of which ihut 
of Modoc, Kans^ (fig. 1, pi. 4), b a good i limit rat ion. Those dOEsej, 

I will consider in the order given, but will first refer briefiv to the 
kinds of elementary matter tlic meteorites contain a ml their fom. 
of chemical combination. 

Out of the more than 40 elements that have liccn reported as fouml 
in meteorite.^, tlio presence of the following, nametl in alphabetical 
order, may be ratiaderod as fairly well egtabli^d: Al iimim .r., 
argon, calcium, caihon, clJorine, chromium, cobalt, copper, Leliiim 
hydrogen, iridium, iron, magnesium, manganese, nickel, nitrogen’ 
oxygen, palladium, phosphorus, platinum, potassium, rudium, ruth- 
eniutd, ailieon, sodium, sulphur, titanium, and vanadium. Tljcac 
are uU constitattnts of our own sphere also, though their mode 
of combination is in somo cases redically different In the lisi given 
below, the minerals of meteorites ore divided into essential and Tecea- 
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^ci-ry, iiidudiug under the firat. tcmi those constituLiug miy [-fisentiiil 
part and tlie preserit^e or nb&euce of wbichatfectstliem funduniGiitally; 
while the accesaioiy minemis include those occurring in smnller and 
usually incoiisefjuenlial quantitiios. The osj^nlia] tninemb then are: 
Xicktl-iron^ olivine, orlhcirhoruhic and nionociinic pyroxeneSr plagio- 
feUlspaiv luu^skdyuitCT and iron sulphides. Tlio accessories are: 
CarlKm, either iLiiiorpliou^ or as graphite and the diamond; chroiii^ 
ite, (KihcJiile, daulu'eelite; ihe gusts carboii monoxide and dioxide^ 
hydrogen and nitrogen; lawreneiLcs magnet oidhumite.^ osltomite, 
scIii^ii)ergito> a i.^alciiini jihosphate to which the nunic of merrillito 
liAs been given^ und trifljiuite* In addition tharo is caxu^iuniLlly a 
small utuount of uriiliiTtjrtnt.iiileii Concerning these uiiiientls 

a few 0.x[ilatiiiP^ry remarks esecni niwessarjs since several t>f the com¬ 
pounds are little or quite uuknowu among terrestrial rocks. 

Tho mciallic iron of meteorites invariably carries nickd und cobtvlt 
in amounts varying fiom 4 to SO jier cent of Uie fonner und 0-5 to 2 
per cent of the latter. The nearest approach to this composition in 
terrestrial irons is found in tlio awaruite of New Zealand^ which con¬ 
tains per cent of nicke] and per cent of iron^ and joseph- 
initc of Oregon which carrier iheoreticaUy 12A2 per cent of nickel 
and ST.fjitt per cent of iron. The Ovifak, Greenlaiid, iron^ a Constituent 
of basalt, Carrie at the maximum only between and 7 per cent, 
nickel. Pei'hiips the most interesting feature on the part of tmtet 
meteoric irons js an apparent tendency to ^pamt© on crystallising 
into alloys of more or less detinite composition which owing to their 
varying solubility give rise to well-defined and characteristic mark¬ 
ings known us Widmanstatten figures when a polished! surface is 
treated with dilute acid. These ulloya were studied by Helchenhaeh 
in IBOlj wlio gave to them the name or karnarite, 

cixcfi or tLieiiite and fiiUeken l^^ plessite, the last nitiued hi^mg prob¬ 
ably a mixture of the other two. The following atialysee of kamacite 
and taenite fmm the iron of Weiland, Cintada, were made by Prof* 
Duvisoni, of Koehesten: 


Cawlii^malA. 

KikmacliK^., 

^ Tfc=ta«^ 

Tron.....,^ .--- - . ... . . 

/'iff 

LA 

/■rf (fH/* 

Ti.ra 

*33 

Klctesl^,,. ... ........ . . . . . . ... . . 

Gnbon.*..,,... . 


UKLOS 

(HLia 


It should I JO however, thati anal 3 'scs made by various) 

i\‘orkers are found not to agree at all a fact doubtless due in, 

largi* pml to the difficulty of separating them perfectly one from 
another* The etched slice of the Casas Grandes iron on plate si, fig* 2 
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mil filmwE tlip cbarncteristic Wishiittiiiitnttm on an rirtalipflrar 

iron of medium toNtum The smalleri more highly- mcigiiified section 

boro reproduced (fig. 2) shows 
more pluinly the portiims lo wliich 
the various arc given. 

Tt hiife been shown by Berwerlh, 
of Vienna^ and some coi rohnraativc 
tests made in Ihe 1 aimj‘alory of the 
National ^iiiseumj th»it the oettt- 
hedral structure can Ire c'iningpfl hy 
hen ting for n mm^ or li?sw pro^ 
longed period nt temperatures far 
below tliut of fusion^ and it 
not improbable that tho granular 
Elructiiie eburaicteristic of irons of 
the ntaxite grciEjp may^ In some 
CK-Sc^ at least, lie of n second a 
nature. It is evident that the full signilicance of the crystallization 
of iiieleoFic irc^ns is to be learned only by syiitlietic studies siich slh it 
is to lie ho[}ctl nuty ho undertaken in the luboratories of soini^ of our 
more modern institutions. 

^Vssociated with the nickcMron is aluiourt invariably an iron-nickel 
phosphide of n ^mewdiat variable formula named *^Bcbteibersite ^ 
by Ilaidinger in IS+T. A dendritic form f^f this txcurriug 
in I lie Aris^ie, Mexico^ iron h 
shown in figure 3. Sulphide 
of iixiUt often in the form of 
rounded mKlules, is also a com- 
imm cf^nstituent us sho^m in 
the etched section of the Casas 
Crandtisi iron (fig. S, pL 2). 

Tills apljears to be a nioupsuJ- 
phide and was named ‘Uroilite ” 
by Ibddinger, Meunierj how¬ 
ever, thinks to have shown it 
iu be pyrrhotitc- tho mm- 
eral is without cryiatalline 
foirnfi and rarely pure, tliere is 
room for doubt in the matter. 

Carbon is a common con¬ 
st it iicnt« The appearance of a cubic fonn of graphite in the 
hbigurti iron was noted by Haidinger in IMd. Such fonna 
were suggcstci] by Rose to bo pseudomorphs after the diamond 
but no satisfactory evkience was offered in proof. In ISiiis 
Mesfii^ Jei^deielT [uul T^itscIiinolT. in studying the earbonanous 
lueteorite of Novo-Urei^ Russia^ found a graphiiic mineral having 
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the hnrilness iind i^hyipt* of the d-ionioTirL In \\'fiio5ichi?nk 

separated from tlio MairiJi'a iron a minute quantity of tninspLvrpnt 
cn^fitals which were hard enough to flcnitch ruby, anti Imtnod iti 
fonning^ earF>nnic acid- Tn LSOl A. E. Footer in ciiLtirip^ the 
Canyon Diuhlo nicttviiiHc iron^ found a bluck, vitreous nuDerul liaviu^ 
a hardness ahipve that of sapphire, and which he announced to lie 
diamond. Latert O, IV. Huntirigton, by dissolving n constdemble 
quantity' of thh iivm, was nhle to isolate u considerable nuinbcr of 
minute^ C'oJorlesi^ particles which had not merely the hiirdnr^s of 
fliamonds, hut the crystal nut lines as well* Tlie cxy'slab found by 
Jiiinliiigton wen?^ it ehoidd he stated, minute—but ahout it hundredth 
of an inch in diameter. Since nunHngton’'s work, diamonds have 
Ipecn Fepanitcd from the Canyon Diablo and either irons by several 

Wnrltcn^. 

Utider the iinrne of t/Tiftiniito^ Fletcher m ISBT tlescribod n fomi of 
carlain uccurring in minute cubical cTj'stals with dotlecaliedral and 
tctni-Jdi^-hexiihednd inodificatioriH which he found in the iron 
meteorite of Toundej^in^ IVcHt. Attstralia. Hie cn^stals were of pure 
carl>on, easily fningible, with ii hardnes.^ of 3,5 and apecific gravity 
of 3.13, After a full considemtion of their crystalline form and 
physical condition with csjiecial reference to their possible pseudo- 
morphous nature, Fletcher conclude] that they represented *^an alio- 
tropic condition of rrystaliisiKl carl^im distinct from both diamond 
aELil praphibe,’' and gave the nurno, an alwive. 

Carbon in ilia form of graphite^ both crystalline tttid amorpliniis, 
is iL coiimioii t^nFlitueni of meteorites^ particularly the iron-rich 
varieties, where it wcurs in di-^minatt^^l scales nnd nodular masses 
often of coiiHidemblc size. The percentage amount hy weight is al- 
sjiirdl owinp; to the relative lighlnm of the c:irl.x>nj but in the 
Novo-Crci. Orvinio, and some cither stones^ it sufficiently abundant 
(o inqiiirt to them a decideil dark gfiiy to nearly black color. The 
Novo-Urei stone waa estimated to contain some l.*26 jier cent of 
amorphous carbou^ and 1 cent in the form of diamond. 

Coheiiltc is the name given to a cairbiile containing some 90 per 
cent of iron, 3.5 per trent of nickel [Uid cobalt, a ml |>er cent of 
carbon. Danbreelite is a sulphide of iron and chromite of the 
formula, FeS^ CrSj, which was isolated, mmlyxcd, and namc^l by 
fL Lawreaco Smith in ISTfi. rcncite is a gret^n, sambolid ferrous 
chloritle iilmo^^t invariably present in meteorites, but which undergoes 
HUch reiuly oxidation as to ehortty disapjriear on the immediate sut- 
fare» The tninern! is a sore trial to all keepers of meteorite collec¬ 
tions. Olilhamito ia the name given by ^ho-kclync In 1S62 to a cal¬ 
cium ^Ijihjdo found in the meteorite of Busth India. It occurs 
in microscopic pro]>anions in rounded granular fonus of a chestnut 
lutiwn color* Under atmospheric inQuences it passes by oxidation 
into g}^|3^uniH The same inveatigator gave the nsime “^o^omitr^ to 
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tfc nun^ml occurring in Email, golden yellow octiiliedru in tlib wnrnc 
meteorite, nnd Judged from partial annlysiE to bo an oxj^ulpliido of 
euleiiim iinrt titaniuni. Free silica m mcloorites is e^remely rare. 
Maskelyne tlescribed wbat be cortsidercd a rbombic form of quartz 
as constituting nearly ono-thlrd of tbe siliceous port inn of the Brei- 
tenbacb p^Ilnsite. Tbe association of free siUca in such proponioiis 
with olivine and native iron is quite unusnaL 
From what is known rcg^irding terrestriji] basic igneous rocks, the 
feldspars of nurteorites woulrl naturally l^e assuiDe<l \o belong to the 
mom basic varietii'^f ns labradorite and nnoiibite^ actual mul 

complete analyses are available owing to the rlilUcnlty of securing a 
sufheient quantity of nialerinl in a fair degrt?e of purity, niose 
given l)oiciW from the inetcorites of Ilvittis, Hesslc, and Sbergotty 
show that in at least two instances the feldspar is approxiniatcly oligo- 
clase^ n form chanictefistic of rocks of intermediate acidity, as the 
dioritet^. Tbe thml unalysis repi esents a coiiipletoly isotropic, color¬ 
less mineral forming, togethor with augite, the essential constituents 
of the meteorite of ShergottVt and which is regarded by Tschermak, 
who described it m lft7;3, as a re-fused feblspnri. near labrndorjlci in 
eomiKDsitiom To this be gave tlie name “ moskeljTiite,^^ It should be 
stated that Gmth was incHncKl to regard it as an indeiHvudent s^ieeias 
and allied to kuclte. 
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The feldspars, it may Iw said ns a general statement, are not promi¬ 
nent constituents of mcleorites nnd are limited niaiiily to those of a 
basaitio type. In Ibese they occur m the characteristic, lath-shaped 
forms, polysyntboticuUy twinned. In the chondntic types they oc¬ 
cur in the form of sporadic granuli^ sometimts sliowing twin stria?, 
and in the nearly botropic mastelynite forms occupying the inter¬ 
spaces of other silicates^ Concerning the otiier silleates present, it 
may bo said that the olivines, excepting in the barred chrondritic 
forms, apparently differ in no esssentisil particulars from thoEc of tor- 
rest rial TockSi Tbe pyroxenea, however, show interesting pecu¬ 
liarities. TrVe find, as among terrestrial rocks, both ortltorhoinbic 
and nionodinic forms, but the first nanieti are the nioro common. 
Thaso occur in colorleaa to gra5dsh—rarely greenish—forms, and in 
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soveml of the known instances prevail to the alniGst entire e^cclusioii 
of other constituents. The more common varieties, as will be nnted 
from the accompanying table, ate enstatite and bronxitc, Ihou^ 
hypersthene has been reported tn the stone from Shnlka. Tho min- 
erul, however, is not as plcodtroic as Ls its terrestrial cnunterpuii. 
Alniiy of these hnvo been identihod crystallogmphically, and agree in 
form and faces with those of torreslrial rock, althotigh tlio crystal 
outlines and cleavages are. as a rule, very poorly developed. 
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In ndditian to thcije tcrrastriiil forms there others ratlieally 
different. Eti|jechmy eluLmcl^ri^tic nre ectsenlrk und rndmteJ forms 
some of whicli arc shovfii in the photoiwicrogjT^piiii (pb- 8 and Uj. 

The monoclinic pyroxenes are nbnndimt than the ortho- 
rhoiLibiCy and but for incUned extinertions of dioopin^coidal ructions 
n I'e often difficult to d bting^u 'mlu The iuost latriking p^ouii ari t y of tli is 
form ts n decider! tendency to polysjTitlictJC t^ inniiig .1 Tlib mani¬ 
fests itself in fine* parallel stria done travcrHing the ^tion and has 
caused the mineral on casual inspection to be mistaken for u pkgio- 
close feldapar. Most of the analyses given iii the literature are of 
materials separated from other coostiluents by the use of acids, but 
1 have here Imdtcil myi^lf to two analyses of such as have been 
separated niectianicaUy. 
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As will be noted, these show very smull amouuta of aliiKJnn ua 
compared with pj-roxenca found in terrestrial rocks. Tho mineral 
from Buati compares cloaelj xfith diopside in coiiiposition, while tbnt 
of i^hergotty is more nearly tluit of hedenbcrgite. 

The fonii and internal structures of meteoric masses are no less 
intenssting than their conii>ffiiiion. The crystalline structure of the 
iron-rich forms I have already referred to. Tho e-xterjud form ns 
they coino to earth vnric.^ nlmost indefinitely, as shown in pliitcs iJ, J. 
0, and 7, From tho almost wholly JiietaJlic iVfjGs there k a some- 
w^hnt nhnipt gniilation through the stony irons shown in tho sec¬ 
tion of the pallaaite from Mount Vernon. Kentucky (pi. 3), tt, 
the stony forms in which iron may be idmosL wholly lucking.' In 
the Jfoiint Vernon pallBsUc the only essential mineral aside from the 
metallic compounds is olivitio, which appciirs uu rounded bleba rarely, 
if ei-er, with crystal faces, held in a mesh or sponge of iron. Between 
the iron and the olivine there k commonly a thin plate of schreiLcr- 
aitc. Tlik iron contains a considerable quantity of lawrencite, which 
esiidcs from a fn-shly cut surface as fomiginous dreps of moisture 
resulting in some instances Ln serious disintegrations. Occasional 
tvajuples of these stony irons have been found in which the olivinca 
are so thoroughly shattered as to constitute a breccia with a metallic 
cement, Such a. one is that from Admire, Kansas, a slab of which b 
shown in jdale 5. It is dearly sIkiwu here that the metallic portions 
are of sccondaTy origin and have been introduced 8iibsef[uent to the 
dmttcring of the oli^-ine. In figure 3 of plate 5 b given a more hidilv 
magnified view of one of the interstitial metallic ureas of the atmo 
meteorite. The area is but some thrM-qunrters of an inch in actual 
length. The dark, outer portion is mainly olivine, the bright border 
the nickel-irun, and the dark interior a spongy mass of iron with 
troiliie itnd lawrencite. The adcular forms extending across the clnrk 
area are also of iron. Between tho bright border and dark interior 
b a thin belt of schreibersite, w hidi, however, does not show in the 
fignre. 

The nearest approximation in structure among terreslrial rocks to 
the pflllpsites is that of tho iron-bearing basalts, an exaiqpb of which 
from I ho Xugsauk Peninsula, tlreenland, is shown in figtjre o . 

in which the white portions are of metal and the darker Jrenn.l of 
flilicatw. The resemblances, on Urn whole, are quite remote, however 

Passing to the stony meteorites, ns those of the Allegan, Michigan 
typo (fig. 3, pi. 7), we meet with * class of phenomena which nro of 
greater interest to the average petrographer. According to their in 
tcmal structure and tho presence or absence of feldspar as easenti 1 
con-stituents, the at (Hies mostly fall into two general irrou m th 
basaltic and chondritic. The first mentioned are made up ofTth^ 
shaped plagioclose with augite and olirinB or enstatite, us th 
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may be. The tneteorUe of Shei^gotty, India, ia a good illustration of 
this type (fifi. 1. pi. S). It ia, liowever, not nn aijimdaut foiin, A 
nearly feldspar-free type closely allied to our terrestrial pyroseuites 
iii ahmm in tigure ± plate S, which b from » photomicrograph of a 
stone which fell at El Xakhla, Egypt, in lOH* 

At least no per cent of the stony meteorites be^long to the class 
called by Kose “ cUundritic,’’ from “ grain, in nlliision to 

the rounded and oval Ijodics or dionLlriilcs which arc so eminently 
chitraetemtic (platen T and S). These chondrules consist at liinre of 
minerals of a single species, though sometimes of a numl>er of tqjMjee, 
which are embodded in a more or less coherent ground of a clatlic or 
crysialline nature. The chondriiic material U usually of oUvino or 
ciistatite, moro rarely a monocliidc pyrosene, and mow rarely yet 
fcJtlspalhic, ferruginous or ginphillc. Figure 4, plato 8, b fnui^ 
a pliotomtcrograpli of a nteteoric stone found near Hendersonville, 
North Carol in a. The single diondruk, as shown, b of olivine with 
u giateiikp or harrod structurc, some of the bars of which, it will tie 
observed, are curved. It is cmbcrlded in a fine, griinular ground of 
olivine, emttatite, and monoclinic pyroxene. 

Other examples <d chondritic structni'e are shown in plato P. I' ig- 
lire 1 b n not unusual ty^w of choiulrule in which the pyrosenes are 
idioraurpbic. Tiicsc porphyritic fonns often present tluj only ajJ- 
precinblc amount of pure, glassu' ba-sc 1 have tlius far observed in 
iiicteyritea. Often, however, In place of gluisi, the iiitersticcs of the 
phcuocrvsts are occupied by a fibroits material e vide fitly of the same 
mineralogical nature, but not anfiicicntly indiviclualizcti to render an 
optical detomiinatibJi possible. Fi^re 2 of the same pbte shows an 
enstutite chondrulo from tho iimteoritc of Coon Hiitte, iViixona. This 
shows a marginal row of independent crystals, but it i&tobe noted that 
between (jiXMsscd nickels the entire cUoncLrule b lesolved optically into 
two portions, tho angle of distinction botween which is some 30 . 
Figure 3 from the Elm Creek stone shows a choudi'ulo of eustnUto 
almost perfectly spherical, a not uncommon feature,^ others show an 
indbtinctly radiating, featherlike cluster of enstatito which b al¬ 
most comparable with the frost crystals formed during cold morn¬ 
ings on window pimcs. In hgure 4 from the Parnutllee, India, stone, 
tlio secondary nature of the metallic iron is shown in the mamier in 
which it encompasses and penetrates the mass of the fragmental 
chondi'tde, 

To those at all well informed it must have already b«n maxle evi¬ 
dent that we ha%‘e in meteorites some interesting and wide variations 
in both composition and structure from those found in terrestrial 
rock^ So far ns yet dUoovered, the meteorites eontein no elements 
unknown to our earth, although the form of combimition may 
bo radically different, ^hneibersite, lawrenrite, oldhamitCi daubreo- 


184 AN X CAL EEl'ObT SAtlXtlSONIAN ISSTITUTION, 101", 

Ike, and Iroilita aro br^v, if not wholly, nnkiiown among term^- 
trial rocks, while tdckel-trun is rare. On the other hand atich com¬ 
mon torrestrial minerals as free quartz and the compounds of silica 
with alujuinum, calcium, and the alkalies, im orthocluso, albUe, neplic- 
line, the mictis nnd ampluboles are rai-cly, if ever, found in meteorites. 
Such seconduty minerals ns serpentine after olivine, talc, chlorite or 
homhlende after f>yr<»xeties, and indeed any minernls requiring the 
agency of water or the vapor of water for their proiluctioii, us zeo¬ 
lites, tbo mictts, totirnmliiws, etc., are also lovking. It is evident 
that tlie meteorites were formed under vunditioiis of a limited sup¬ 
ply of o:(ygen ami that they have since tirtir formation been sub- 
jeclcd to high temperatures and the reducing {lower of gases. 

All meteorites may !» traced immititakably to an igneous origin, 
und are of a basic nature, related elosL-ly to the basalts, pyrozenitre] 
and poridutitre among terrestrial forms. None have as yet been 
discovered which can t>o cotiaidcred ns sedimentary, or metatnorphic 
as the word is commonly used, although mtmy of the tufacooiis forma 
have undergone ccrt.ain changes that may be ascribed to the high 
temperuttires and reducing vapors already referred to. But there 
ift among them nothing comparable with our sand and ltn )mjtoDe 
or argillites, and obsolntcly notliing of » fosssil nature or n«‘ei£ttiri{c> 
indicative of any form of animal or vegetable life, although in years 
past some of the peculiar ruiliatiiig and l>nine]icd ft>rms siu>b as I 
have sliown have Ijccn mistnken fttr and even desonlied and ligurcd as 
fossil corals and crinojds, 

Tliat meteorites as Uicy eonie to our earth are plainly fragments 
of preexiiiting masses has been tdH^ady stated. .Sonic of these, like 
those of Stanneni and Shergutty, owe their internal structuc^ to 
chrect ciystallizution from a molten magma. Noverthele^ the stnic 
tnres are by no means similar to those found in terresiriul 
As a whole, thc\' show evident signs of hasty crystal I izati oil ThV 
Shergotty stone, to be sure, has a somewhat familiar ospeci, but it 
belongs to a type standing almost wholly by itself. So far ^ I can 
recall, no structure is found among terrestrial rocka more ncarlv 
approaching that of the chondritic metoorite than that of the orbicii 
lar gabbro of Davie County, Xorih Carolina, or tlie kiigd granite 
of Sweden. Tlie rtocmblonce is, however, merely sug|iesti^ and 
disappears tlie moment the rock is submitto critical study. Iq ti 
large proportion of the huge! chondritic iitoncs the structure of the 
ground is quite obscure, though the chondrules contain wdl-devel 
oped, as well as radiating and ackular forms, which result from cool 
ing of molten material. The abseuce of a g1as>7 boHe from the 
ground w*hich bears the chondrules is antagonistic to the idea f 
the origin of both portions through the same agencies and under* the 
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saiiifl eonJitions, Conccrroiiig tliosa chondritiC lypes^ Sorliy, is lon^^ 
ago ns IBCGj pxpiwtHi himself as follows: 

It wnuirj, flpppnr thnt, the materinl nf the nuio^flri^fl wilb 

nieltea^ a portkai v^ks broLffa tip Ititn smnll fnijmtvutfi, wabu^ 

collect(?<l oaO nwre or less 0011*0!SiirtK^iJ hy roix-huiileiil ami 

ac-tlocu^ iiiio>iig wbleb muf^t he a wgrPE^tloa of irtnu la 

rho tnF*tal!lt: Ktnte or In cumisintiUuii with otlinr ralisflnbk'^Jfir 
hn?«k!liff up cc'enm**! iii smiiJi? wbou tlio meltwl nin-Hn* hinl tkM^iiin crya- 

taliiae^ hni \ti othc<r 8 the fotm^ of tho fHiirtEfloft ImhI me to mnrtutli'^ thftt It 
wos broken np Into detaeti-Kl i^obnlea wliHtft fitlll meltefl ( I'nr- 

untLee). TIUb f^nma to have bttn Uie of t^oi^ of tbo rotrnd kteiIdh diet 

will! In nwteijritmi^ for they oceJiHloaidly ^Olt ooiitiln n tonalilenible amennit of 
fjlass, and the crystaJs wblcili luiYe been foniieJ \u it am nmi 3 ^>?d In 
rmllnllan from one or more point* on the externa! sarface, In sneJl a maoner 
n* to Imllmte tlmt they vrei%^ develnr^eil uUer the fmipiients had mvinlreil their 
preKE^Dt ja»her«»kliil (AuMyn, ete.) 

Tschermnk. of VicnEit, to whntti h duo sonifi of tlie be^t of the 
curly work by modem inetliods, said, iti rlcseribing the mf^Lcorite of 
Orviiiio. Itiiy : 

1 pefpinl the etinnilrUte nioteorltes an attrition tnffn ftmi the kuia?!^ of the 
same ns smdi nnilc pfirttcEes ns. -nvlnp to tlielr toicijhnc^ hare trt>r«nie TCKumted 
milter ihun bn^ken into nitllisioi's, 

TIio attrition^ he IhoughL^ miglit have hiken piaco in the chimneys 
of volcanoes. Houstrlu of ClirLstiftimt fnnn a suidy of the Tysnes 
stone* annoiin<’e<K in IWOt his l>ellef Hint Ihe typical cliondnilcs are 
but snmll nmnded fraguients, the form of which is due to external 
caosE^ ancl not to internul structure. He conceived the bronkitc: 
kiigcLs to have hod oiigimiUy ix cunicil fornit sneh as is Sometimes 
seen in radiating imn pyritefl, the upper surface of the nodtiles form¬ 
ing the base of the cone, inieii these* bectmic worn down by nttrition, 
tiie point iireakii away, and lienee in the ecetion the radial point 
always lica wdtlioiit the kngeL F, Rinne* WTiting ns late as iBHrij 
compares Ihe diondrules of meteorites tn ccTtiiin bcxlies obfserved by 
him in the volcanic luffs of Wcstplisilin* ho describes as show¬ 

ing a yellow-brown^ glassy Imiso with fharply tlelined ‘*emspring- 
lin^'' of nlivine and iiionoclinic pyroxenes. These tuffs, however, 
Khiiw giis cavities in this glassy biuw, while the tnetrorites do not, 
I’he structure oWrvtKl in the Kemonve meteorite, and which I have 
n>fem‘d to in that of Hendersonville, Xorth Carc^litui, where larger 
graniifes of silicata niiiieruls ai^ siirroiiniled by finer. diistUke mate¬ 
rial with no interlocking or true glassy liase, he reganls ns a breccia 
due to crushing and a partiriI le-fusion or a siuteTing, in tins ag^[^eirlg 
with TscheniLttb. He claims tn have pnHlncod similnr fornix by 
sintering nn olivine siind. 

My own vieW'B on the subject have uudcrgnno no mntenal change 
since expressed in an article by Hr. Ih N, Stokes and myself m liWO, 
w^hen de&crihing the meteorite of Allegan, Michigan, a somewhat 
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pronounwed csample of the fritible kiigel cbondritic type, Thisso 
'(Tcn* 8iibstiint1 silly ns follows: 

Thu gciicnil structure of the Allegaii fitone can, 1 believe, bo ac¬ 
counted for only by regarding it as an aggloiiKTiite of chondrules 
embedded in u fRigmcntnl ground mass or msitrix, the mntei'ials of 
which were derived from the trituration of other rhondnilcs. Ob- 
viouslv, if the stone is ii product of crystaHization in mass, tho 
diundrulesare the pi-culucta of the earliest cooling and, judged by the 
standards of terrestrial petrography, should Iw the most highly eiys- 
tallinc, while the base in which they ai'c embedded might he glassy 
or crystfllUtie, according to conditions. In reality the reverse is tlie 
cose, and, so far ns I have observed, there is never any true gliiBsy 
base in metorites of this tyjK. The subject of the spherules in lipa- 
rites has been pretty thoroughly worked out by Cross and Iddings; 
and while it is easy to conceive of the abnipt transition from a wholly 

or partially crystalline spherule to a 
glassy base, as sometimes seen in spberu- 
litic rocks, it will, in tlie present condi¬ 
tion of knowledge, puzzle any petrog- 
rapber to account for an erjuully sharp 
transition from a glniiSy ffplierula {chon- 
dr uk) to ji base Ctmipoc^d wholly of 
cryatftlline particles, as shown in many 
meteorites. Even roiild we account for 
such anomalies of crystallization, the 
presence of fmgmenlu] chondrulea, of 
chondmles which were fragments at the 
time of the final consol Ida Li on of the stone, 
would yet remain to bo csplained* Tlie forms shown in figure 4 were all 
care fully picked from the i-oek without crushing. Tlmt they are origi¬ 
nal fragments, i. not due to fracturing in pi ace, is shown by the dull, 
histerless character of the surface of fmcLure, and, further, by the fact 
that In no rase was the remainder of the chtualruln represented by one 
of these pieces found in tlie vicinity, Xok 1, in figure 4, represents n 
complete chondrule, No. 2 one but sligiitly corroded, while the others 
are plainly fi-ngmcntal. So. 5 Ls one of the most striking illiisira- 
tions- being tliat portion of an eiistutite chuiulruk, so me 6 milli- 
nicters in diameter, embedded in a fine cinstir ground. The flat 
surface of fiiicture is utu|uc3tionably an old one. Ko, 0 shnu's a 
side view of the same clicmdruk. In other cases as in 3 and 4 the 
fructnm) nro old and show abradL-d surfaces, Xoa, 2 and 5 are 
plainly those of plongnted cbondndisi that have been broken ncross. 
No, 1 is a jjwuliarly suggestive form having the ap^^ranct; of n 
once molten globule which, on coaling, contracted, prorUicing the 
concavity shown, Sudi forms lend support to an idat advanced 
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by Sorby to tho effect that “soine at leiist of the constUueot particles 
of meteorites were originally dctadietl glioisy globules, like fiery 
raiiu” It is possible to conceive that thopc chondrnles, first as blebs 
of molten matter and then as consolidate*! particles, may have been 
triturated in the deep throat of some volcano. Tlie spherical form I 
can not, however, regal'd as being wholly due to tritnratlon, a view 
held by some writers, but rather to their original molten condition. 

The manner in which the metallic portions are wrapped about and 
oven injectcfi into the silicate particles suggests llic probable rwluc- 
tion of the iron, not merely since their original crystallization, hut 
even since the reconsolidation of the detritus resulting from their 
disintegration. 

But one word more. It has Icwg seemed to me that these IxkIics 
have not received tlie attention they merit from the standpoint of 
world history. 

If wc consider, T will not say accept, either the meteoric or plane- 
tcsemal theory of world origin, we arc bound, ns it seems to me, to 
rcgartl tlie meteorites as world matter. 

If so regarded, we are confronted at once rvith the general basic 
nature of the original magma from which they wore derived. Gen- 
erously leaving out of consideration the metallic constitumts and 
having regard only for the silicates, it appears that in but a few 
instances does the silica rise above -“>0 per cent .Vliimina is likewise 
low, only in the basaltic forms rising oven os high as 14 per cent 
The percentage of linu! ia also low, while the alkalies arc rarely pres¬ 
ent in muoiints up to even I per cent. Magnesia, on the other hand, 
is atniAit invariably abutidimt, the amount at times rising as high us 
40 per cent. These facts are well brought out In the uccanipanying 
table from a former publication,^ Column I repn^sents an average 
of 53 analyses with the exceptions noted. Column IT shows the 
average composition of terrestrial igneous rocks, after Clarke, and 
column in that of the entii% lithosphere. 


1 dJtm, KatL Acad- VQk Ht ^ 
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Xow wilh oiir present knowledge regarding the composition of the 
earlh's criist, of the relative pro[Kirtional obiindance of the bfishr and 
neidte roebj, I fed that it is self-cvidinit that uo amount of chomienl 
differentiation of such ii nutgnia as that presented by tfie meteorites 
could bring into exis-tenoe sneb a body as that of oiir eartfi go g/^ 
its compogUion is yet twrcftferf- Tt is to Imj noted, liowever, fiat wo 
have no direct evidence as to the chemical nature of meteoric Jiiaiter 
thttt tnay have come to the earth in past ages. Incidentullv I will 
mention one fact that hai. often impressed ittslf upon me" Tlioja* 
who nflirm that the salt of the ocean is wholly sccoudarv, have no 
difficulty in finding a source of the sodium through the ordinary 
atmospheric decomposition of soditim bearing silicates. Xot sso how^ 
ever, with the chlorine, and ns with the exception of romparativelv 
small amounts of this otement carried by anch minerals ns sodalite 
and some of the apatites, (here are known nn original ehlfirine-benr 
ing mincmJs, it is difliciilt to account for its relative ubimdancc in 
oceanic wnters. In I he comparatively nhundant meteoric minenil 
lawrencite we have at least a siiggoslcd son re**, and thnt too, in a 
form easily broken up when exposed to atmospheric conditions. 
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iNTltll^DUCTION. 

Cocnls have long attracteil the attention anti excited the interest 
of scieniiiic men, obeer^nnt laymen, and poeta. For stniic hundreds 
of years they were thought to be marine plants and were tewed 
“ Zooidiytes,*’ a name said to Iia\'e l»ecn given them in the sixth 
ffintnry hy Sextus Empiricus and Isodore of Seville. Xotwithstand, 
ing tfial Fcrranle Imperato in I.19& advocated that comis were ani¬ 
mals, (intiiralists persisted m believing that they were plants until 

' In tlw prmvbt artlrlB oolr n ftw apnclflc nr#r«nc«* to the Iltefniain «b «omli niid 
eurnl trch 1 «t4 bw.D lnlTOdnc(.d, In my nmaiir .'ntltlml “ FfMall isjrtlt frotu 

Cmlfnl AmrHts. Calm, an.! I'ortn Kico, wllb an acronnt ol Iho Amortam T^ftljiry. 
l’l«latoc«iir. and Bimint torti Hrla." la pn^ «a a part of tt, H. KatloDol Muv.'aiD Bulhaln 
103a I havg alvon fairly foil Ubllusraphlr (llatloiia and tnw callol attcniloD lo corlnln 
p^llcnrlop^ panitolarlr Ihono by W. M. Darla and tt. A. Ualy. Is wbirb Uioro ar. 
ttobnratr tnrlcva or tbo UteTauir« «a coni mli. 
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Pcysonnet antiounc^ Uie results of his laborious invoftrigHtions in the 
TtVest Indies, luij even after his obsorviitleins were puhiished in llSJt, 
a few perverse individuals continued to adhere to the old views. It 
now* seems strange tluit Peysonners researches constitnteiil one of 
the important advances in onr knowlctlge of the animal kingdom. 

Of the early savants, Patrick Brown in his “Civil and Ifatural 
ITistory of Jamaica,” 1T6C, Seba in his “ I-oeiipletissiini teriini iiatii- 
ralium TLesauri aociimtji destriptlo,” 1758, Knorr in his “Ueliciac 
seleetnc naturae,” 1771, and many others described and figured many 
corals; and much pleasure may be derived from the text and the care¬ 
fully executed figures of tJiesc autiiors. One of the most delightful 
of story-tellers and lyric poets, Adclbcrt de Chamisso, exiled from 
Franco as a result of the I'^’riiiieb Be volution and a refi]g<M) in (ler- 
tnany, was one of the early contributors to coral-reef theories. He 
described ono species of stony cond and published exetuisite figures of 
it based mi bis own drawing. Though the enthusiasm of uiaiiy of 
the early writers on this subject is inspiritig and their charm is great 
and though the tern ptut Ion is strong to yield to their spell and con¬ 
sider the subject only as they so fascinatingly present it, attention 
must lie diverted from them and directed toward the objects them¬ 
selves. 

IVTT.VT AtiK O P|IAI_S7 

Since the days of Peysonnel nil infoniieil studenhs, except the few 
perverse individuals to whom athision has been made, have lielievod 
that corals arc not merely animals but (hat they are animuls closely 
akin to tire tea anemonea. Idike sea anemones, they are, at lm'<t while 
young, more or Ic® cylmdrica] in form; the lower end, called the 
foot, is attaclinl to some objecl; around iho margin of the finttish 
upper end‘there are tentacles that can be extended or ivti-acted; and 
near the middle of a flattish area within the tentacles there is u slit- 
like tpouth that van be widely opened nr clostdy shut. Below the 
llc-sliy floor betweeii the tentacles and the mouth there are folds of soft, 
tissue, known as meseutcrics, that are attnohed to I lie w all on'their 
outer ends, but on their inner ends they are free below a rathm 
short tube, called the gullet or caopliagus. On iho cilgos of the mes 
enterics there arc often curicti filiiments, railed mi^senterial fila¬ 
ments, Figures 1 and 2 oil plato 1' are illuitrationb of two Blaschku 
glass models of sea ancjnoiiea. 

()ne of the pecidiartties of corals and related animals is that the 
outer surface of tlie animal tissue, including the tentacles and the 
mesenteriat filaments, are beset with lasso stinging-cells {sec test fig, 
4, p. 207), each of which may shoot out a small dartlike obj«>t that at 
one end is at tached by a thread, A imtlic r peculi arity is that I! i ei r outer 
surface secretes slimy muiras; and n, third attribute is that their sur- 
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lira coTcrcd with smull tJicirt. proocssesr tennctl cilia, Vilili:b un- 
flpr certain ccnditiutia Ix-iit sp to d^ovis ihe mucufi atitl wLuttver 
may be enrjbwhled in it to^vard tbe mouthy while under oiiiei' coniii- 
tipns they beat sti its to inovo things away tn>m the iuouth- 

Sea anemones and corals am alike in the characters so far con- 
Kidered. They differ in that sea anemones have only soft tissues^ 
while the tower surface of corals secretes a skeleton, called the comd- 
iumT composed niosidy of carboniite of limc^ Coi'al taivac, callcxl 
planuiae^ are smallj pear*s3iaped or cjUndrical objects, about hjdf 
a millimeter in" diameter and about a millimeter long^ and their 
outer surface iscovaml with cilia by means of wbidi they can luovo 
rapidly. After a time, ranging' from a day or two to two or three 
weeks^ the larval corals settle and attach thenisclvea tn ?^>iue object. 



ARC E 


Fua. L—L^n?AX ar tiw coou.. rnt'Oi much itJctiifiKUr 

Arm ntrmEnx. Tire TAHiocfl nmas or Tiqe lakitais lyiu^ir^TH-r Amin 
ixtituiuaii jjle ui^KtaiscTD. A re Tceinu ^ ^ rujcurAHJCXT am kctt t 0 
E xEx n^iUMEXTKn aa hcix dt AEfT-JicnD ifiqnr. The KxncHiOH or 
Tniu^ciiH Tua otur Ai^Ttnu: or a re 

At first a flat l>asal plate is secreted hy the iHitttim end, mid on this 
ara laid down nidJal plates ilnit grow upward wdthiii or between Ute 
incsenteriui foltbi. Above each of the nidiately armiiged phstcri, blown 
as septa, there is a tentacle- At their outer ends the septa are joined 
together by a wall, differing in character accoiTling to the kind of 
coral, and at the inner ends of the septa there is usually, btiL not 
always, a central eolnmella* which likewise ditfeis in ebaraeter ac¬ 
cording to the kind of coral* In tho space^^ between the septa i«icijl- 
iar structures that am of tnudi value in classifying corah; may 
develop. 

Some corals retnain simple, that is solitary, tli rough nut their lives 
(some of these are shown on pis. 3 and IS to 14) i while olhers 
mnUiply nse^ually and form colon lea* There are two kinds or 
niethods of asexual reproduciion neixjgnized by students of fheso 
organisms. One of these metliCMjUj termed budding or genunation, 





103 AISTTUAL REPORT £M[THSOS|AN IK STIT U TIOX, IDll, 

is by g. bud appearing on the surfui-e of the soft tissues niiLaide tho 
ctrole of tentacles (pU 3, fig. 1) | the other tnethod, knoiFii ns fission, 
is by n mother coral polyp dividing equally or unequally and form¬ 
ing two or more polyps (pi. a, fig. ii), Omkling or Jiiion may be 
repcfitcfl until from tin initial pohq> only 1 or 3, or perhups jidll]. 
meters in diameter, a colony, n compound corah many feet iti diam¬ 
eter may result, with thousaucls of individual piilyps, each having its 
own more or less eleiirly recognlnable nioiith, but nil joined together 
by communal soft tissue known ns coenusarc, 

Corala that remain simple may bo ^mall, or ft millimeters (about 
nno-fifth inch) in diameter, or they tmiy Im rather Ui^Ttf, up to as 
iiineh as 230 millimeters, nearly u foot, in diimicier, as in sonic species 

of the genus Fiififfia (pi. 3, 
figs.l,ln). Thcraiigein size 
of the individinil polj'pa in 
comtwuiid corals is from less 
tiiau 1 millime.Ler (O.a^P inch) 
in diamcler up lo as much aa 
2 or 3 centimeteni (OJS or 
1,18 inch), and perhaps 
more, 

Cohd colonies are verv di- 
verye m foi'm—^hcT niay be 
low, flat plates, closely adher¬ 
ent to the basal smpport; they 
may 1« cushion-shaped; 
they may form more or less 
perfeet hemispheres or 
spheres; or the outer siirfoce 
may be variouBly Jobed. 
Some corals form simple or 
divided coltmuci; others form 
elongate, round branches, 
which rivngt* from only a few miJIimelers to several cen Li meters 
in diameter f the branches of other coraU are more or less com- 
prossed and plutulike. Other growtii-fomis are erect nr subliori- 
Kontal, thick or thin plates and vbjscs, wldch Jiiay be small ami shal¬ 
low or large nnd deep. Rome colonies are tnftlike, Tn colonies that 
lire foiTued by budding, the individual coralUtes and polyijs arc 
usually anlieirelilar in outline and are se[iaratcd from one another 
by interspaces that range in width from mere dividing walls up to 
soA'erpl i-eniiineters noross. lint in colonicsf formed by fi.s.sion the 
^^ondlites often occur in sscries wliicli may contain two or ihre^ or 
%ery many coraUites In rows; when tlie\serLc« are long they mav 
wind and twist so as to warrant bestowing such names os Maeandra 
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and on certain genera, Ono genus of corals in which 

the CTrallum forms tall, more or less divided coldmns, htis long, 
winaing scries and is appropriately named Dendro^yra. In such 
series the polyp mouths occur along longitudinal depressions, called 
valleyii, which may be narrow or wide, shallow or deep, and adjacent 
valleys niay I« closo t<^thor with very narrow intei^spaces or they 
may be relatively far span, 

It will be shown in rciuurka to follow that the growth-form Is of 
much imiantniico in considering the retati«iiBof coiids to the physi¬ 
cal coiKlUions uiiiliT which they live. The flattish, ciisliion-shnpwl, 
and hcjnisphcrical corals, Uiat are attached by wide bases, have the 
strongBSt fliructnrea; those corals comiioscd of thick plates or thick 
plateliko bninclies rank next in strength? while those that fomi 
thin, erect lamime and slender, long Ijranches are the weakest. 
Some corals thnt have rather strong skeletons need to be classed with 
the corals with weak skeletons, so far as their habitats are con¬ 
cerned, for they live either free on the sen bottom or are veiy weakly 
iiitached. 

Tlie corals so far considered are those known as the Madreporaria. 
Their soft tussuea secrete nearly pure white skeletons com posed uhiiDst 
entirely of ciirhnnate of lime; there are pitlike caliees or valleys in 
the »keietoti; and moro or less distmeliy ratlinl septa are present. 
Tile hard skeleton ia calleil “coral" and this is the kind of “ coral ” 
from whicli coral reefs derive their name. Before speaking nf nn- 
other kind of coiwl, it will be staled that the tentacles of the Madrc- 
piirnrijin corals are either simple (see p], 17 and test fig- 2) or arc 
hi furcates or trifurcate—they are rtever pinnate? and it will also bo 
and that in the Jlndreporarian corals now living, the septa and 
mesenteries aif arranged on a plan of six or in multiples of sis, ex¬ 
cept where the phui has been obscured by fission. Becoii.se of thb 
arrangement of geptn and mesenteries, this ^up of corals is called 
f/e^acoTvlla, Ages ago, gjologicalty speaking, tho prwloniinnnt 
corals had their septa ararngtsd on a basal plan of four or midtipJes 

these have been called the other highesr 

subcl I Vision of tin? ItKlrcporaria. 

The Altyonaria, constituting a group of corals of the same rank 
os Ihc Mailri-poniria, comprise the precious conil, e^raHium ruhrum, 
and other species from which jewelry is made, the sea fans, sea 
fa there, imd sea vrhipSi some of whiA urc among the moist 
fill objects in the ocean. The tentacles of these corals are pintiately 
innged or plumose, and, because their mesenteries and tentucles are 
arennged on a plan of eig^t, they have been called Octocoralla^ The 
skeleton of the Akyonaria is unlike that of the Jfadreporaria, in 
t at it usually consists of n horny axis, more or less completely cal- 
cmed, surrounded by horny materia] in which spicules are embedded. 
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2 ri), looks Very riiuc 
of the lIfldre|Jo ntr 
is Ci>rnpii^vod of rt]i 
varlioDHte of limon 
[KilyiiB hiive the n 


Tlse slwletoos of AJcyonaritt of tliL^ kmd further clilTer from thoise 
of the Msidrepomrk in [ws^essing, nceordmg to h\ \\\ Chirke and 
W* C. Wlteeler. fmm 0^18 to lo.T^ per cent of carbonate of magnesia. 
In the red organ-ptpe airalt genus Tttbipi^m (pL 4. figs. 1, lo), the 
spicules lire siifiickntly cemented together to fortu tubes. The sboSc' 

ton of the blue col'll I, 
ponM. (jd, 4» % 

very much like one 

VLinn, Kind it 
Li]iiiust pure 
but the 
the a nfl torn leal 
dJmractrU’iiitics of the AIcj^ch 
nariiu 

One of the hydroids^ 3fiti€- 
p^ra (pi 2. figyf. Sh is 
uauwUy conBtdei^ wltli the 
eomts^ nlLlioiigh zoologically 
it is not one of them. The 
iigures of the skeleton show 
tiuit it htiB no di-stiticL septs, and tint there are two klnils i>f pores 
corresl>uoding to two kinds of polyps, ulso called zuoliub. The larger 
pire^ the ga^itrot^cjres, lodgo the larger nutritive iKdyps; while the 
smaller i>orc&, dactyloiiores, lodge the Bmallcr, tlie food-capturing^ 
zooid^ The skektou of ilUkpQrti^ according to Clarke siiul Wheekr, 
ifi cfJinposetl of alnjod5t pure carhoiiato of liiue* 
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-OuniUitf^ p-DiE^rrim LAMmca. JWTm 
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Dn-rKriENCi-^s in thk couai.s on the i-.v(;oon (the gutHr 

WATHIti ANP ON THE EXl^OSED (THE BOUGH WATER) SIDES OF 

A C01l-\L BBEK. 

Darwin in his Structurn ftiid DistribiHion of Ciiral Reefs, ‘ gave 
an excellent deticriptiaa of the dilTcrciic* bt^tween the t'orals in the 
higWJjn of Kwiling atoll and those cm the eipewd I'eef, A few \ertrs 
ago Dr. F. VTcKid .hinus aiJeni IS months ill the Cocos-Keeling 
IsUtitls, and in his Ijook, Conti and Atolls, produced a far more dc- 
tiiiJed iiccoimt of the relations of the corals in those islands to their 
cnviroiiJncntal conditions than ihnt of Durwin, but what Darwin 
said is correct. Dr. Wcwjd donra sent me his coileetion,, wldcb is now 
the property of tlui Vaited States ^^ntionnl Museum, and 1 have b<jeii 
ftbls to |itibitsh IV detailed ucenunt of it.* The Cocos-Keeling Islands 
are rjiissic ground for the students of reef comls and coral reefs, and 
it seciiis appropriate to Iregin the consideration of the relations of 

iltws ^ E'P-- 
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rotiils to tlicir onvironnu^nt with an account of conditions there^ 
The following tublo sho™ the rektions; 


fCr^aiioiiir p/ Qf coraix to hubiiai. 
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Within Uic lagoon free corals or corals that form fragile branches 
or folia are predoinliiant t on the harrier Hat ojid in the barrier pi'a>1s 
the foniKs with stronger skeletons are more numerous; while on tha 
expHisctl harrier there arc only corals that have a massive grow^th- 
forfri or are comjx^sed of irtout branches. One of the speclca^ Podlh- 
para Dana^ which forms compressed branches, occurs within 

lagoons md on barriers. The hi-anches of the stieciniens in the 
lagoon are tall and mther weak, while tipeciniciLs on the barrier have 
the bmnehes iibt>H:cd into slightly protiibcrarit nodules. Plate t> illus¬ 
trates n corallum of the I&goon kind^ anti plate 5+ figure 2» illustmtes 
a fija'Ciiiam Dr+ IVooil ■ Jones collected on the Cto-os-Keeling barrier. 

Six specimens of Pocitl&p&ra bu^hojsa Ehrcnberg taken by Dr* 
Wood Jones from a floating log very intore^sting in this connec¬ 
tion (pL 5, fig. 1), He s^ys regurding these apeciineus t 

In tJm la^n, a lar^‘ p<>rtUiu of n tm? trunlg vms flontert, wnd mtid# tmt 
to «ij iinnhor iiiid chsii^t itio wood \vns iiwd (u doai a snip'^ end 

mninirf Just twn years to Um? whUt, IVhon It was removed 4n lOOft, aevemi 
colonies of PiKffWoporw tiad Started erowtiui upon It, and they had taken up 
dlfTercnt pcisltioits aroand Itrt drcumfiireiiee. The colonies KTowlag ohove were 
fattened bosst ^; these on the Hinpinp; side* showed more tendency to branch; 
and those below' its eonveilty were dedicate branched forms. 

Now the environments of these colonies were y^ry dlfTetent, anil they we ire 
nhsoIuteJy constant. At all of the thle waves broke upon Its upper but- 

nice, whltst tho aides were tn gently moving unbroken water^ and the bottom 
was hi comporatlvo culm. ■ • * 

Dr. A. G, Mayer made a very interesting collection of corals aC 
Murray Inland, Australia, and I have described them in my paper 
abovfl cited. Preceding my paper, Doctor Jfaycr has given in tlio 
same volume an account of tho ecology of the Murray Island nwf, in 
which he pre^nls a statl^icaJ statement of the number of cortU 
TOlonics accorfling to species in sucoes^:ive squartii across the reef, I 
based tho following table on Doctor Itnyoris coUectioiii 
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sniiie principlis*. 

Tlie mllectioTi macl* hy Dot-tur stayer nt Miirmy Tsdand contains 
an €.t«ilknt iUn-'^tniiinn of the variatiim of Stjfhphim phmita 
(Esper) iiqitJitUng to etivirontnenU The braiichtii of ii spceiuien 
from a depth of 18 fatlioins. north went of Miiri-nv Island, where the 
water is not violently agitnted, are slender, elongate, and fnigilo 
(pi. T, fig. 1), while a Bpeciitien from the exposed reef has very short, 
stumpy branches (pi. 7. fig- 2). Plate ft, figure 2, illustmlns} Porita 
ptrrites from the esrpotsed reef at Tortugas, Florida., whilt plate 8, 
fjgine 1, illustniiei} tlic growth form assumed by a frugnieiit broken 
from the exposed reef and then attached to a terra-cotta disk and 
planted w ithin Tortugas iagtmn- 

In shallow water, corals which have fragile skeletons or which are 
weakly attached to the bottom predominate in lagoons, where the 
water is not violently disturbed; and usually conditions favoriible 
for Uie life of corals having these kinds of growth habits are present 
outside lagoons in depths between 18 and fathoms. But on the 
exposed sea-sides of reefs, where the surf is strong and storm waves 
break, all the conds h&ve strong skeletons, mostly of massive growth 
form If the same species of branching coral oceura both in places 
protected frofii the beat of the surf and in those e-xpoeed to tho 
breakers, the colonies in the exposed sdtuations adjust themselves to 
their environment by strengthening their skeletons. The preceding 
puTagniphs sliow that these adjustments take place in the Cocos- 
Keeling Islands, on the Great Barrier of Australia, and in Florida, 
imd warrant tho conclusicm that the phenomena are of general occur- 
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rencie^ As there Are, particularJj along the sides of tlirough 

which water flows into and out of lagoons^ situntions intorinetliate in 
condition between those in the lagoons and those on the exposed sea¬ 
sides of reefs^ there arts areas in which there is more or less com¬ 
mingling of the two kind® of corals, and in them both massive reef- 
bniIdling forms and fragile lagoon forms live side by sido. 

n^lxATION OF CORA [is TO DE PTH OP W ATER, 

A great deal of information bas been accumulated on the relation 
of corals to depth of water. Among tho^ who have particularly 
studied this subject are Darwin, Dana, Pourtalfe, Quckh> Moseley, 
Stanley Gardiner and myself* Usually massive reef builders am 
mostly found in Avater 27 meters or less in depth, but some species 
estend to ilepths between 3T and 4W meters, and a few readi ckptlis nh 
great as 74 meters, Tlie available evidenoe mdicates a depth between 
37 and 4G meters as the maximum at which a true coral i-eef will form* 

At deptlis slightly greater than 46 meters, between 46 and 74 
meters, there are in coral-reef areai$ corals that differ somewhat from 
the shoal-water fauna and from the true deep-sea corals. These 
corals natiimllj resell ible more clossely tho^ found in tlio deep Avatcr 
of the lagoons than those on ibe expojsed sid^ of reefs or the flats 
jiiat behind exposed reefs. Stanley Gardmcr ap|)onni to have been 
the first cioivrly to recognise this bathyinetrle faunal zone, and in 
his work on the Mai dive and Luccaclive Archipehigoes very properly 
emphasised its importance* In my own work on the living corals 
of the HuAvaiian Islamls^ I recogtdssed tho presence of a rather dis¬ 
tinctive fauna at these depths. Illustrations of it are given on 
plates 9-1L 

BetAveen 74 and 183 motets in depth corals of deep-sea facies com¬ 
mingle in the IlaAvaiian Islaiid^^ Avith the fauna found principally 
between 46 and 74 niotors in depth* Doep-sea corals, those found 
In water 163 meters or more in depth, are mostly simple, cup 
eoKils, and iimny have A^err delicate* fragile, even lacelike skeletons. 
Several species from the Hawaiian Islands are illustrated by plates 
12-15, A species that closely resembled Ihc one illE^irated by 
plate 14, figtiiTs 3, 3a, avos dredged off Callao, Peru, in water 
fathoms ( — 19.254 feet=r5,SD2 meters) di^p. Other deep-sea corals 
are compound forms that have delicate, elongate, attenuate branches. 
Three species with this kind of growth habit are illustrated by 
plate 15, 

The following tables present the results of a study of the distribu¬ 
tion of Hawaiian corals according to depth. Similar relations pre¬ 
vail in the Indian Ocean, the Central Pacific, and In the Gulf of Mex¬ 
ico and tho Caribbean Sea- AlU^ough these tables apply ^peciflcalty 
to the Hawaiian Islands^ they really illustrate certain of the broad 
principles underlying the relation of coral faunas to depth of water* 
C5133^~eim tOlT^- U 
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RELATION OF CI>Rj\>LS TO TEllPERATUItK, 

In the foregoing pages the relations of corals to violently agitated 
or rclstively quiet water and to depth of water have been parLlcularly 
discussedi Tbo relations of corals to the temperature of the water 
will now be conaideced, and it will be introduced by a table sbowinp 
the distribution of the genera of Plawaiian comIs according to tem¬ 
perature. The surface temperatures In this table are for the period 
between Atorch 27 and August 20) 1902) and, tberofore, do not repre* 
sent tbo minimum temperature for the year. The tempo rat iiro rela¬ 
tions of reef-corals will be conHiderotl Iiiier. If this table is com¬ 
pared with the table showing tho bathymetric distribution of coral 
genera in tho Hawaiian Islands, it will he evident that the names in 
the first column of each table are the s«ime. A further cxaminalion 
of the fable sbowing the dialribmioTL of genera according to tem- 
[jejTitura will mvcal Ibat a lempcraliire of aiKiut 22.8* C-Ls the bound¬ 
ary between the shoal-water and the deep-water famios. The names 
of the grnem that were obtained at tempemtnrca abov'e 15.0* C., bnl 
not so high as 22.8“ C. and above ±.5“ C., ai'o those that apjjear in Uie 
colnmnfi 183 to 732 meters in depths tbo genera dredged between tem¬ 
peratures of 4-5* and —1.12“ C. were those collected between 1 
and 2,105 meters in depth. The tomperatnre of tho deep-sea fauna 
r&ngtis between somewliat leas than &3,S* C, fabout 15.6® C.) and 
—Lia* C.) with the maximum development Iwtweeri 10* C. and 4.5* C. 
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North and south of coral reef arena it seems that the deep-sea 
corals live in shallower water, because the temperature of the water 
at and near the surfnee to higher Intitudes is colder than at the sur- 
fnee in the Tropics. For instance, some years ago n species of Can/o- 
ph^irt 4 t^ one of tiie cup corals, which was collected along the shore in 
Alaska, was submitted to me by the TTnited States Bureau of Fish¬ 
eries. It is an unnnmed species, but in its general aspect it resembles 
the dccp-seu fomiA of the Tropics, There is much scnttcred evideneo 
of til is kind, for example, the comls living on the shores of southern 
California, but it has never beun assembled and systematically pre- 
eeuled. There is in the United States Kationnl Museum a large 
amount of materia), fur which there are records of the depth and 
temperature of the water and the character of the bottom, that could 
sene os the basis for such a Etudy. It is my belief that the great gap 
in present information on coral faunas is the dearth of information 
on the rchitions between tlie deep-sea faunas of the Tropits and the 
shoal-water fa units of the colder ports of the ocean, botli northward 
a nd southward from the Tropics. For a long tune it Img been my de¬ 
sire to make a special study of thi^ important problem, and, unless 
some one else undertakes it, I stiU hope to be able to give it the atten¬ 
tion that, in my opinion, it deserves^ 

With regard to the tcmpcnitmn relutions of reef-forming corals, it 
will he said that, except on very shallow flats where the water is 
stagnant at timea and the tejnperattiro at such times may range be¬ 
tween 33“ and 38” C., the upfier limit of the temperature enduranca 
of such comls is rercly readied. It is tlierefore rather to the lower 
limit of teunjcraluro that reef-comla can withEtand, that attention 
should be directed. 

A series of Kiperiments, conducted by A. G, Mayer to ascertain 
the higher and lower limits of temperature the common corals around 
the Tortugus can endure, indicato that a lowering of the temperature 
to 13.9“ C. would oxtermiuate the principal Florida reef corals, while 
the most important inner flat corals would survive. Tie obtiiincd 
similar results on the comlE around Murray lEland, Australia, But, 
actual reef records show that reef corals do not naturally withstand 
so much cooling na in the laboratety experimente. 

Temperature rcconla made iit liglitliousef: along the Florida reef, 
communicated to me by Dr. IT, F, Moore of the United States Bu¬ 
reau of Fisheries show that vigorous reefs will endure n temperature 
as low as 18.15“ C., the minimmn at Carysfort Light between the 
yeats 1879 and 1839; hut at Fowey Bocks, where the minimum drops 
to 15,C® C., altbou^i there are some corals, there is no thriving 
reef. The species found at the north end of the reef line are those 
which Mnyer’fl experiments showed c.apnble of withstanding the 
lowest temperature. The temperature records for the reef line 
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indjcnte C, ns tlic puniiituni t«inperutur«: winch n I'cef will 

survive—ttiis is i,85* C, lower ttmn the Hgure given by Duna. It is 
not probable that a reef conld withstand a continuous teiiijjeniture 
BO low as this. Wherever the depth of water is great enough to 
lower the bottom tempcmtnre lielow IS Jo® C-, more probably about 
22“ C., reef cornSs will not live. This temperature appears to 1» 
attained around the Hawaiian Islands within a depth of 183 meters. 
According to Agasaia’s “Three Cruises of the Blake” the botuiiii 
teiiiperniiirQ in the Gulf of Mexico and the Caribbean Sea is usually 
loo low for the growth of reef corals at a depth of 183 meters, and 
in plac^ it is loo low at a depth of 87 meters. Recent records of 
tempemtnre near Bemuidn, tho Bahamas, and Florida, show that 
in those ureas the temperutun' at 300 meters is iinifomily too low 
for the life of reef corals; it is usually too low at 200 meters; and 
occasionally too low at 100 nietcrs, in an area where the surface tem¬ 
perature is high enough tor the life of reef-forming corals. 

ItELATION op OOUALS TO SEDt MKN T 

One of the important factors nffocting tho life of corals is ihrir 
relation to ficdiment. Of course any coral permanently buried in 
sediment would bo hilled, but nearly ail corals can remove some sedi¬ 
ment from their surfaces, and some can rid thetn.selves of considemblu 
quantities. The outer-reef corals pmjjer liave their surfaces kept 
clean by the movement of the water, that la, by waves, surf, and cur¬ 
rents; hut ns the species living on the inner flats and in tho lagoons 
have not sufficient assistants of that kind, they require special adapla- 
(ione for keeping their surfaces cletin. One of these adaptations is 
for the colony to bo divided into upward-pointing branches, which 
pri^ent vory small or no flat areas on which sediment can lodge, 
Other corals, unclatn for example, hns grrally developed 

cilia, which move tho sediment toward the periphery of tho colony 
and eauae it to drop off, Some ^ccics, (SiVcmjt/rcn T«dUtn» for In¬ 
stance, can stand temporary Imrial. A. G. Miiyer discovered that 
thoJHs corals tluit can withstand the highest temperatures can enduro 
the longest biirinh The capHcity to resist the effects of high tempem- 
tnre ond that to resist the effects of burial nre, fheroforej hrouglit 
into relation, and one seem-S to bo the correlative of the other, Ac- 
eonling to Mayer, high temperature prmluccs death by asphyxiation 
no also docs burial. 

REt,ATm\ OK mitAI.R TCl LIGHT, 

litght ia another factor that affccls corals, Plate Ifi, fignra \ 
represents the wharf at old Fort Jeffereon, Tortiigug, Florida, ('oral 
larvae have attached themsehes to the i»eriphcnil picj^ njnj 


OORAIJ? CORAL. REEFS—VAtT«HAN. 203 

thriving: colcmies have ro^ulted, but tliy iiiort central piera bear few 
or no I'OielR Li;g:ht is tho onij factor 1 have been able ta imagiRe 
to be the catise of this re^lt^ for the water under the middle of the 
wharf is of the same temperature as tliat outside and the food supply 
is the same both under and outside the wharf* 

Dana 

Thr mope rjf temnemtafe Sfl* to 7-4* F, ptvts imSIkteat Kent for tlio 
niEffit of tJbe jp^eairr imn of conil rt*ef uiul yet the teiupi^raiuiT at tlio 

plane In tl>e luldUle PrcUIc Ja anistly abara 74** The chief cBuse of 

limUatinii Id In I be lUniiaihhail U^ht, as ported out by Prof. T. Facha-* 

Iljort sajs in his article on ^ Thc Michel S<Frs North Atlantic 
Deep-Sea Expedition:^ 

• • • Kow^ If we cfllcalnte the depfth to wWcli the raya of Iho smi pofte- 
trmte^ after through the Bfime lUotauK la the water^ oaeuniiiiir olwajs 

that ibu rays are direct, find that the rale uf ubuorptlon the .^nwf* we flnU 
that Uie rajTS will have pasf^l through the aonie dh^amjc to reach a depth of 
500 tijfjtrrii In SO'" uurih latitude that th&y wlU peai through U> reach 050 
melerii in 93* north latitude^ or 300 moier.q Id OT* north laUnule, 

However, the triiiu>^3areney of tlie wter \Tirlcs prearSy in dSfTerent regions, 
rf we take the re^ulta of prevlotis cfaf^rvmtloaA dnrinp different erpeillRntLs 
we may down the vhtihle depth in rhe upea Hen oh tkelng; r^nuijlily, 5l> meters 
In 33* iiuTiii latitude, 40 nielers in fiG' hofUi latitude, and 2j» meters at the 
natelde In the Nonveglan Si-a In 07* north UtUtude. Taking ihLs Into fsimsldfirti- 
Eon, we find that there ^^111 be the satuo inteatiiy from tSie nTcUUnKir ruya— 
In as* north latitude, at nhoiit fiOO iuelert«' depth. 

In m* north latlimte, at about TiOO inetei^ depth. 

In 07* north iuiltuile, at atwut £00 a^cteiig^ depth, * • • 

Ijuring the AtinatJe cniiae of the i/icAae/ Nara we undertook a iwrtnfi of 
luenauJ^menlii <if tho laienjtfty of light with n rhotonn'ier ™natrii«if^t by 
rhh=tor nelland-Hnaaen; to detcrralne the Inienalty of the lUfferent color taj^s, 
Ikn-tor Flull]iiLd4foiisen UkEiiTo U-se of paneJiroUmtle plat(i« atiil gelatine color* 
fllterrt. The obHervatloa ^^mth anrl wwt of ibe Azores (that la to Say, at the 
iUiuUiern Edailnna} Rliaweti that tlie of tight atrcngly affcctod the plntc at 
El iStpdi of loa tovtets, Tlie retl rays were wcakoHi here, while the bine am! 
Ullrti-vlolet rays were At a deiith of 5D0 nietk^ra the blue ami uUnl- 

vialot rays were still db-tlhctly Tlsihle. and at a tlepth of 1,0CK) the 

llltra-vlolcit niyn were yet pcrceptlhlo. In 1,700 nKfterB, however, there was 
ni*t the falnteia tn^ce «f light, eivn after the plat^ had been e^epoaed for two 
bottra in brand iJayll^t. 

Tlie oWrv iitmns recorded in tho foreffomg rpiotation show a dis^ 
tinct decrease in the intensity of the red mye of light at a depth of 
100 metersL As the miLiimtiiii development of the deep-sea fauna off 
the Hawaiian Islands is betwe^ depths? of 183 and 732 meters and 
at temperaftires between 10* and 4,5* C, depth, temperature, and 
iiiteiisitT of light are correlatives The deep-sea fauna mostly lives 
at deptliB too great for the pen etration pf the red rays* but, where 

1 CaraSi niad Sd p. IISJ nlw VuuKh^n. V. g, jtut. Mdb, PbJL flfl, 

PL la, I&07, 

■Gxwfninhk^ vi>L at, pp. bno-soa, 1*11. 
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TRObt Iiixuriimt, it is reiacbed by the blue and ultra-riobt mys; 
but many deep-sea species live in utter darkness. In higher latitudes 
the deep-sea fauna of the Tropica, it seems, may live in slmllower 
water, where the light is stronger than in the deep water nearer the 
Equator- 

At Iho Tortiigas T made espermients on IT species of ahcml-water 
corals to ascertain their relation to light. The spoclmens wore 
placed in a live car, specially constructed so as to he entirely dark 
lifter shutting a trapdoor. At the end of 14 days ono species! Aero- 
pora mur/oftfir. apparently had died, and the specimens of ell the 
other species were pale, the green plant cells in the coral tijisues hav¬ 
ing died or lost their color; at the end of SS days specimens of 
iragnm. and Asaykriv. purpaj-ea had died; at the end of 4a 
days one specimen of EvamUia atpera had died, and most of the 
polyps of Oevthm diffnm, were dead. The notes at the end of -13 
days ivero kindly made forme by Dr- A. ti. llayer, who put on the 
rocks, under the boding for the laboratory pump wharf, those 
specimens that withstood the OKcltHion of light- About a year later 
I found seven of them and made notes on them on .July :21, iPl5. 
The® specimens not only fiun.-ived being in the dark for 43 days, 
hut Ijefore the end of a year were again very nearly or quite nonnol. 
The fact that shoal-water comb are not nortnal in the dark, although 
they will endure the e-vclusion of light for a considerable period, and 
the fact that they are absent on the central piers under Fort Jeffer¬ 
son wharf where tho light Is weak, while they are abundant on the 
periphoml piers, is strong evidenee in favor of light being one of the 
ecologic factors determining the locus of sijccics of comb. The 
comnioDsal grccu algae, known as ZoanthoRclliu:, that os a rule aro 
embedded in the tlssnes of sTioal-wator comls, set free oxygen which 
i;j inliiiiutely arailublo for use by the corals, as it is in imuiediate 
contact with the animal tissues. Since these plants while in the 
dark cease to sot free oxygen, and the corals under such circum¬ 
stances are deprived of o-vygen from that source, it may lie that Uio 
poverty of coral growth in dark places is due to the suppression of 
the activities of these plants. 

Kolw'ithstanding the high degree of probability that this infer¬ 
ence is oorwt, additional accurate pbi^imetric records at depths 
from about 37 to 183 meters are necessary before completely con¬ 
vincing results may Ihs obtained. 

CAt*ACITY f>P COIIAL3? T*‘> WITHSTAND EXPOSCTtE IN THE AIR. 

Aa the comb that live in very shoal water moy be above water 
level during low-tido perioiis, it is of interest to know how long they 
can endure being out of their natural tnedium, I made a number 
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of experiments cm tlie spcicief; common in the TortiLgds, Florida, to 
asccrtam how long they ctm hve out of the watm* mitl found that 
all can witb^nd Umited exposure in the air^ but^ of course, none of 
them can live permanently out of water- Colonies of the Eiftnie spe¬ 
cies were placed in both the sun and shade on glass plates; and in 
both the ^un and shade in vessels containing enough sea-water to 
keep the bases of the i-olonies wcl. The death of colonics exposed to 
the air naturally depends on the rate of Iho deaiccation of the laift 
animal ti^ues. As heai acceU-rates drying, the specimens in the 
sun are more quickly killed Lhau those in llie shade; and. as both 
the soft parts and the skeletons of all corals aro more or less porous, 
a colony whose baso b immcrsetl in sea water will live longer than 
one lying on a glos^ plate. AUhotigh not precUol>% ainiOf^ gener¬ 
ally, thcK^e comb with the most ptirous skeletona cim longest endure 
being out of the xvatcr, for aiich ^letona dry more slowly than those 
that arc more cumpact, and, If the bases are wet, they rapidly ab¬ 
sorb water through capillarity^ Any one of the $l3rteen species of 
Tortugoa corab used in the experiments will endure half m hour's 
exposure on u. glass plate in the shade without apparent damage; 
nearly ail will stand one houFs exposure! under such conditio]^; 
while some sunived such exposure for four hours. Colonies of a 
number of species wei^ badly damaged but were not eulimly killed 
after lying for one and a half hours on a glaaa plate in the sun. 
Of the species experimented with 

and have the greatest capacity for ^withstanding 

cx^Kisure in die atmospheraj while that of and 

Sid^r(titlrea rad la ns Is ntinost as great Usually the species that form 
the exposed reefs can not wilkstand being out of the water so long 
on tbfjsii that live on the slmllow Hats bchitnl the reefs. Doctor 
ilayer made a series of exposure experiments on the corals at Mur¬ 
ray Island, Australia, and obtained similar results. 

REIUATTON or COUMS TO WNCKNTRATIOX iW f^Mm IN THE OCEAN. 

Tlie following is DittmaFa mean of 7T analyses of sea water: 

_____ 

Br _____ . _ 

_____ __ _ T,|M1C 

COb. __ .207 

Nn___ - - - ______ 3ii. 

K_™____ _____ S.lOO 

F*. SlfX _ ■ .. . ._ _ 

Fe, NH 4 . ___ _ ___ 

A\A\ Fcitj,, _________^__ 


100.00 
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The ratio of the weiglu of the salts in the sea tvater to any given 
weight of water is expressed aa parts ])er thousand and is called the 
salinity of the water, for instuncCf a salinity of 36 means that them 
are 36 pounds of salt in 1,000 pounds of water. 

The factors aiTecting tlio life of corals, bo far considered, are all 
moro or less correlated; for instance, at great depths in the <iccan the 
temperature U low, there is no light, and surfam agitation of llie sea 
is not felt. Tlio relative salinity of the ocean differs from these fac¬ 
tors in that it is not lieffnitely related to any one of lliem, oAt^pt that 
in .the Tropics the surface content nit ion of sea salts is somewhat 
greater than that at deptlis considerably below the surface, and that 
there the cuncentrution is pornewhai greater tluiii that on the surface 
in higher latitudes. In other wordtj, there is in the surface waters of 
the Tropics some concentration of salts due to evaporation, but tlie 
difference in the salinity of the different parts of the ot^an, away 
from the moiiibs of great rivers, Ls not sufficient to affect the life of 
corals. Xutwithstanding these facts, it is important to know the 
maximum and minimum salinities tliat corals can endure. 

The average slinky of the Toriugas water according to Dole is 
36,01. Of the 17 species of Tortngus corals kept in n tank of water 
with a salinity of for 24 hours, all were dgiiiiiigcd or kilted except 
Jfaea/idra arcolata, Sid^rmtTV/i radians, and Poriles fatreoid^a,' but 
no specimen of 16 species allowed any evidence of harm after rcmain* 
ing 48 hours in water of a salinity of ST.8T. Apparently corals would 
not bo hurt if the salinity of the ocean were r^iiced to about 80 per 
cent of its present salinity. Sfajer obtained similar results in his 
work on the corals of Murray Islanil, AiLstmlia. 

AlMiougb I did not experiment with concentruted sea water the 
Studies made by Goldfnrb and others on the effect of concentrated'and 
diluted sen water on regeneration In hydroids and in the jelly-rwh 
riijs»hpea are here pertinent. The eombined re.'fulte of the experi- 
nionts are in accord with the deductions mads by oceanographers and 
geologists from other dsita, via, die ocean is becoming moro 
appears that marine orgnnisms are now liring in an environment 
which is considerably lielow the optimum condition for their exis¬ 
tence. 

HOAV f’OHAlAi CATf'U TtlKIIl FO( tO AND WttAT *rnKV EAT, 

1 made no more interesting experiments on corals than ihow to 
discover how they catch their food and what they eat. AUiiough 
nearly all the species abundant iti the Tortugas were use<l in niaking 
the cxjierijnente, one species, .Vaetindra (inoAiJtflt, ivas studied more 
than any other. It Wiis fsisciniiting to bring ii colonv with the ani 
mats composing it entirely retracted, as in plate 22, and induce it to 
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expand as in tho colonj rcpr^sentiHi by pkte IT* This expansion was 
instigated by placing tho colony in a vessel in s >diBdy (not really 
dark) placo, where it would not be shaken^ and then feeding it with 
A little beef juice through a pipette^ or by giving it a small bit of 
meat^ usually crab ilesh or fish. The tcntarles at the end of the 
colony to which the food was offctied w*ouId begbi to appear^ and the 
stinauluE waa transmitted 
to other members of the 
colony^, until after a sliort 
time tbo surface nf the 
specimen would remind 
one of a boautiful open 
flowrer. Tins condition of 
a coral colony seems to 
signify that it is hungry 
and is ready to capture 
food. 

Special inechauiEims of 
corals for catching food 
are greatly developed- 
Tlioy comprise, as fol¬ 
lows: (1) The mmiato- 
cysta, die stinging cells 
and their coili^ tJireads* 
whicli ocoiir in the ecto¬ 
derm, tlie outer layer of 
tlie soft tissue and Its 
modifications, on the ten¬ 
tacles, the oral disk (be- 
twcfcn the tentacles and 
tliC mouth) t the sides of 
the polyps, and also on 
the mesenterial filaments, 

(S) The entire ectotlermal 
surface is ciliate, the cilia 
in respom^ to certain 
stimuli heating towanl 
the oral aiierturcs; in re- 
Eponsc to others, beating toward the periphery. (^) The outer sur¬ 
face secretes mucus in wliich particles may be embedded, tlie caucus 
moving under the inituence of the beat of the cUia toward the oral 
apertures or tow ard the periphery, according to the nature of the re- 
aponso to the stimutaliou. (4) Tlie tentacles are active and effective 
in capturing footh (5) The mesenterial filaments, which in many 
species of corals can be extruded through the coliinm walls, in sruue 
instances capture fwHl. 
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Mitny ctitTen'itt kiiitlsi of footl w^ro otlcnetl conils, but they took orilv 
animal food—they are entirely camivocouii. The foUoTring experi¬ 
ment was tried many times: A pieee ctf diatom mat was placed on one 
side of the oral dlek and a piece of crab meat on Iho other. In¬ 
variably tho cnib meat was aeiaed and swallowed; whilo the diatoms 
induced no reaction except ultimately to be removed from the sur¬ 
face. kind of purely vegetable food was taken by any one of (he 
nninoious species investigaterl. However, pieces of plants coated 
with small aniiuals or flaked in meat juica will he awallowctt, and 
later tins vegetal mutter ejected. 

One of the experiments that I found particularly fascinating was 
to drop living specimens of the small cnistacca, known as copepodR, 
within tlio expanded tentacles of Mtt^andm nrfotata^ These littio 
imimals because of the quickness of their motion arc popularly 
called water fleas, but they did not move swiftly enough to escape 

the lightning-like dart of the conirs tentacles and nematocjst'i_they 

wijris al] cnng^lit ftnd sw^llowed^ 

Plate 18 illustrates Marantlta areoJafa during the swallowing and 
digrstion of rather large pieces of food. The tLsntil behavior of 
corflla while they are gorged with food and after hunger U entirely 
safisfled, is to retract their tentacles and other distensible organi 
Kiirthormore, after complete fialklion, the direction of ciliary mo¬ 
tion revchies and particles of fowl dropped on the surface will be 
moved toward the periphery of the coral in a manner similar to that 
in which the surface is cleaned of nnnnntrient particles. 

The distribution of rorals according to depth is dependent upon 
the di-strihulion of small flouting and swimming animoJs which 
ontirtdy supply their food. Should the quantity of such food de¬ 
crease with increasing depth, Rich clticrpiiae would limit the down- 
wapi fStent of the sliiml-water fauna, blit as I do not know of anv 
qiianiitativo eslimates of the amount of such foml iibovB nnd fK>lnw 
4t} inclehi In coral reef arras, there is no buins for a positive opinion 

REAKINd OOttAl, lARVAK. 

Tlic rearing of coral larvae is important becailsa only by knowing 
the duration the frt'c-swiinming planulao stage ran the possibilities 
of tho dlstribiition of corals by niarinc currents be understood; and 
it is obvious that, in order to OBcertain precisely how rapidly eorttls 
grow, the life of the same colony should Ijc followed from the time 
the planula to which it owes lU existence first settled. Two of the 
method-s of obtaining and rearing pTannlac will be briefly described 

Colonies extruding planuho were brought into the laboratory ami 
kept in glass vessels of sufficient siKo to furnish an adequate supply 
of water, which ijhould l» changed rather frwiiicntly, The pkutilue 
were removed from tho v^sels containing tlie parent colony to a 
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culture jjir^ on the bottom of wliieh was n terra-dotta di-^k havings n 
ccntml perforation that fitted over the head of on iron stake. 

The disk) ^ had a djameter of S inches and were placed in the 
in^de diameter of which wan about Si inches, and the depth about 
inches. After ilie bottom of a jar had been oovered with the 
cleanest sand obtainable, a disk was piaciKl in the jar^ and the eentnil 
perfomtion and the space between the periphery of the disk and tho 
fddes of the jnr were filled with sand to the level of the upper sur¬ 
face of the disk. Fiiling these spaces is necessary, tlie platiulae 
tend to settle in depressions* After this preparation, pure sen water 
was fiiently pent red in thmugii a ftinuel until the jar was nearly full. 
Then tile extruded plattulao were taken with a pipette from tlie vessel 
containing the parent colony and placed in the cnltiire Jar prepared 
for their reception. 

To get the best results, the water in the culture jar should be 
changed at least once a day. This may be done by several devici^ 
In order not to diaw off thi; planuke, w hich arc vary a bag 

of fine-tue^h bolting cloth mtast. be affixed to any tube used in wiUi- 
d raw Lug tlie stale water. One method was to sipiioii off tlie stoi^ 
water with a rubber tube, tho end of tho tube inserted into the cul- 
luru jar having been drawn over one end of u glo^ tube, tlie other 
end of which was enveloped in a l>olting-cloth bag. Hie table on 
whieft tho culture juts sttuxl was provided with a gutter into wliicli 
the water drawn off was dlschiirgcJ and was uJtLuiately carried out- 
bUIg the building by a pipe through tho floor. After a jar hud been 
emptied tn wiUiin nn inch of tlic disk it \vas refilled with fresh sen 
water, lliis me!hod ciiiis^ a change in the level of the wntcr, tind 
the flouring stirs up the imattached pianola. A second method was 
to willKlraw the old water by a gla^ siphon resting on the upper edge 
of the jar, tho siphon Laving been rendei'cd uonemptying by Laving 
its outer end bent upward. Fresh seawater wiis added by a siphon 
extending to the bottom of tlie culture jar from a ffupply far placed 
at a higher level. By tliis method a ronsUint level was maintained in 
ibo ciikure jars^ the old water was drawn off from the lop, while the 
new water was added at the bottom* This method is Uliistrated by 
pL 19, figure A. 

Tw^o other deviciB were used for changing the water—one of thotn 
replenished it without, tho other with change of level, but they will 
not bo described here. All four of the methods tried were successful, 
and the preference between them was not detertnined. Pure water is 
necessary and occasional stirring of unattached pkinulae may be bene¬ 
ficial. It is imperative that the sea water uscfl in ihesa cultures be 


■ VAd^lukii. JhritUuUaD ot WfljblDgtf^ii Yw Bodt 0. 1^11, pp. 141, 142. 
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nomiuily pure, that is^ not coot ami natcd by rcfuiie or uther abnonnnl 

It is relatively cu^' to gel lar:ge nutabers of planulae to attach 
themselves to disks by using the culture methods above described, 

DISTftlBUnON OF CORALS Hi* MARINE CURRENTS. 

It has already been stated that liecause of its bearing on the pos' 
sibility of the distribution of coral species by oceanic currents, it is 
highly important to know the duration of the frce-swiniming larval 
stage. Obsenations were made oti four species. The range was 
from 2 to ‘23 days, >Sboiild an ocean current Imve a velocity of 3 
knots per hour, in 23 days planulae might be carried knots i at 
9 knots per hour, 1,104 knots j at 1 knot per hour, knota It is 
known that evety spmes uf sboa.1 water coral in the Bci'miidas is 
found in Florida and the West Indies; while not only is the Rawai- 
inn fauna Itido-Pacific in its nUinities, but several of the species (at 
least four) also occui' on Uiu east coast of Africa or in the IteU ir*ea, 
and I seriously doubt any |>art of the Hnwailftn fauna being pe¬ 
culiar to those Ulauthi. The clue to the cause of the wide dietribu- 
tioii of living coral species is given by the possibly long duration of 
the free-swjiiituing lai’i’al stage. It should be mentioned here that 
numerous instances of the tran5[K)rt of coral colonies attached to 
floating piimico or I* driftwood ans on record, but it seenis to me that 
tho transpoi-tation of larval corals is more important in the dis- 
tribution of corals by ocean cui-nints than the transportatiiin of 
attached colopiosi. 

itATE OF GROWTH OF CORALS. 

The growth-rato of corals was studied on colonies developed from 
planulae that wera reared in the laboratory acco.rding t 4 > methods 
already described and then planted in the sen (p], 21 )^ and on 
colonies from planulae naturally attached but knottm to have settled 
in a certain reason; on colonies fastened with Portland cement to 
term witTa oi- reinforced cfmerete disks and then fixed nn the heads 
of iron stakes driven into Uie sea bottom (pis, 22-95); aad on 
colunies natiimlly living in tho ocean. 

Two methods were used for rearing to subsequent stages the larvae 
that settled in the laboratoiy culture. Dne was to fasten the disks 
bearing the young polyps to the bottom of a foaling live car; the 
other was to plant the disks directly on stakesL Both methods gne- 
cvi-dcd. Plate 20, liguns A and B, illustrate tJie jiiethod of plant¬ 
ing in n floating live car; Plate 10, figure B, the apparatus for 
plant iiig on iron stakes. A long iron bar, wkh a cap on the lower end 
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fitting the hcurl of the stake, was used for driving the slakea l>eIow 
water level. The disk wos made fast by an iron pin through a hole 
in the head of the stake. 

In the Tortugas;, colonies that were attached to disks with hy- 
drauUc cement were planted (a) off the northwest face of Fort Jef¬ 
ferson moat Avail; (fa) on the reef off Loggerhead Key* Colonies 
naturally attached were studied at the following places: (a) In Fort 
Jefferson moiiJ; (h) on piers of the Fort Jeffer^n wharf; (o) on the 
oiitsido of ihe norlliw<^ fa-ee of the ilefferBon moat wall; (d) on 
I he reef off the northwest face of Loggerhead Key. The different 
places at which coni Is wero planted and those at wldeh obsorvations 
on na til rally attached colonies ivcrc made are illustrated by plate 
ll>, figures A, B, C, a^id plate 2G, figmxs A, B, 

Observations and experiments were made in the Bahamas on the 
leeward side of the norih end of a ^nall island, known as Golding 
Cay, which is on the eai4 side of Andn;ks lid and at the mouth of 
iSoiith Bight. The specimens iuL-luded (a) tliosa ccjijicnied to tiles 
itud planted; (h) those living naturally attached. 

The colonics in tho Tortugas were mciisiired and photographed 
once a year; nhiJe two years elapsed lictwcen the first and second 
liieasiiremeintif of the colonies in the Biihamas* The measurements 
and photographic exposures of the colunies attached to disks were 
mfulo Avhilo the colonic were out of the water* It was shown cm 
page of this article that coials may Uve out of the water a much 
longer time than is n^ded for smeh operational 

The following tabic gives the aizc of colonies of Favior fruff^m 
according to age (pi. 21 The average annual increment is iridi- 
cateil by the number preceded by the + sign below that for the av^ 
erage size. The avorage most rapid growth is during the first year, 
after which it declLni^, but should a specimen not attain an average 
during the first )^eart it may grow mpldly during AUccmling 
yi^ar^ until it catehes up to the average* Compare epeciniens Nos, 1 
and G of the table* 
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Favia fraifunt is a species that never uttains a large size, between 
60 iind Ti* tuiUimctcra being ttb<jut the usual maximum diameter. 

Tlic size of colonies of Ferrite# eteirc^idei, according to age is given 
in the following table: 
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Tables giving the snmmark^ of my work on the growth-rate of 
the Floridmn and Bahaman corals have been published in the papors 
cited in the footnote.’ The growth-mte of 25 species was invest] gatetl, 
and a total of 3 omc thoii^nds of measurements were made. Of 
course, as no such mass of data can be presented in this place, a few 
general statements must stiffice. 

The size of the colonies of all species of corals seems limited^ 
but some attain large dimensioris* 2 to 3 meters or rven more in 
diameter, and nearly as ranch in height, while other species are 
adult when a diameter of 35 to 50 milliineters has been reached. The 
iTOords of Favm fra^um anti Maeandra arcolat^i^ Jllii^drate relatively 
rapid growth for the first two to four years, after which it decrea^ies. 
Olber ^eci-^ for iDstancCr and 

are not so limited in size. Bamose corals increase in dimensions more 
rapidly than massive species; while of the former, the growth-rato 
of species with perforate, loose-textured skeletons is more rapid than 
that of those with dense skeletons. In general tlie more massiva 
and the denser the coraUuin, the slow'er the growth 5 w'hiio the more 
ramose and the more porous t!ie skeleton, the more rapid theg rowth. 

T, W.* Thx^ gnlbflf- fj^UIrtnce- of tht growtSi-niro of thf PloiidlaA ftnd 
JS^Jmnuii ihMj.water oni^li: WiflUlflctoB fW, Jour^ toL 0, pp. Ml-OOfi. 1015; On 

ci| FlgrUSn. thf BfibninuK uuj tlae Weet lodEcn, mud w C^IccUau 
from Unmj tHland^ AnftrillJii Initlnitlon of WuiiJliiftdii Yeu1»«K ^fo. 11+ 

|ip. 220-231, iOli 

655133 *—SB lillT-IS 
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Some species of Aeropifra umlcr iHvoinble comliiioDSi on nn Bvertigc 
grow ill lieiglit from 40 to 45 miilimcterB per year. 

Tliore is no nvemgc growth mto for cnmla goiicmlly ppeakmg, 
because growth-rate varies Erom species to species and varies for Uic 
Banifl species accoriUng to local environmontal coiitlltions, A colony 
of a species of rwf coral in a In goon, if protet^ted from sedinieiil, 
may grow more rapidly tiiftn a colony of tlie Rotne species does on 
the reef. Tlie limitatios of reef corals so largely to the outer edges 
of platforms, is deteimined primarily by the freedom of the water 
from silt and by the more uniform temperature. 

In Older to astimnte the rate at which a reef will grow, the upward 
growth-rato of the true leef-forming species must be taken. The up¬ 
ward growth-rate of OrhiceUa onnuMm, the principal budder of the 
Pleistocene and living reefs Iti Florida and the West Indies, i9 from 
5 to T millimeters per year, OBCoiding to station. At 6 mUlimetcre 
per year, U would form a reef IDO feet (=40 meters) thick in 7,020 
yearsJ at 7 millimeters per year it would build the same thickness 
of rock in 6,531 years. Atfropora poMaJta, which grows more rapidly 
miglit build a similar thickness in 1,800 years. The growth of cocuis 
iu the Pacific iippears to be more rapid and according to Stanley 
Gardiner they might build a reef 150 feet thick in 1,000 years. 

Growth-rate is one of the imiiortuiit factore in the battle between 
corals and some of their natural enemies. For instance, if corals 
gi>ow le^ rapidly than eedlmcnt is being depoalled on the bottom, 
allhough other conditions may he favorable for their life., they o ill 
aurciv bo killetl by smothering. In the competition Initwcfen attacheil 
and inenisliug organisms, growth-rate is one of the most important 
faclois in detertuinitig which shall siirriv& Corals, as my ex^wri- 
ments sdiowed. may grow witli givat rapidity in locations ivliere they 
cannot sun'lve, or are only poorly represented, because the habitat is 
suitecl to other organisms of a more rapid rate of growth. Among 
thv^ orgaulsms are varimis marine algae, including (he 

calcareous Balimttdd and Incruslliig nuUlpeies; other such organisms 
arc sponges, tunicates, Bryozoa, and pdocypods. 

A study of the growth-rate of corala has an interest not only in 
understanding the rate til which they may form rock, but also In 
understanding their struggle for life against enemies, both organlo 
and iuorgunic. 

SUMSIAKY OF STATE MnSTS OX COHALS, 

The preceding pages show that in Ihe ocean there are: 

1. Tlie deep-sea corals at deptha of l&O meters or moro, where the 
light is weak or where there is perpetual clarknes^, and where tha 
temperature ranges from 1“ to 15.6“ C., although they thrive be«t 
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wlieiTC! liic tenipmhitP is between l-S- iiiifl lO" t’,: tlicisa are nifwtly 
Gup-comis or delicately bninching' fortns. It iwms that this fauna 
lives in shallower water in luplier JittitiidcR than it does in the 
I’ropics, 

2. Between depths of 4fl and 74 metric in the Tropics, there is a 
moderately distinetivo fauna thrtt is more closely related to tho 
shnliow-water ihan to the deep-water fnniia, 

3. In tlie shniluw water? of the warm parts of ihc tropical oceans 
there is another fauna, the one that forms coral reefs, and its local 
adaptations to the eharaeter of motion of the water, sediment, and 
other factors have Iwen descrihwt. The conditions necessary for tho 
vl<joroiis fTTOWth of rcef-forinmiDr corals are ns follows; (a) Depth 
of water, maximuni, about 40 mctcra (25 fathoms); (b) bottom 
firm or rockiv wiihont s!% deposits; (r) water clrenlntinfr, at times 
stronp-ly affitated: (d) an ahuntlant supply of small nnimal plankton; 
(e) stron|» light; (f) temperntnre. annual minimum not below IS* 
C,; minimum average temperatiin: for the coldest month in the 
year not lower than about 22* C.; (g) salinity between about 27 
and nboiit 3S parts jjer thousand. 

4. According to conservative estimates, reef corals mn build a 
reef -Hi metiers (450 feet.) thick within a period ranging from 
years to 7.500 years; but, in places, a rwf of such a thickness might 
be formed within 1,000 years, ncconling to rjardiner, 

THi] FOH^rATiox ap fyntAi,. riEKrSr 
iiEKiNirrox or rns rv-nyt ^cohai, Rt.Er.” 

Tlie preceding pages are devoted to a general nceoiint of corals nnd 
tlm conditions under which thc,¥ live, and no definition of “coial 
reef Itas as yet la-en given, altlioLgii tlie teim has hwn used. In 
order to give some idea of a coral reef several ilittstrations are intro- 
I'late 20^ figures A, B, ropresent tim reef ojf the we.si face 
^ ggerheacl Tvey, Tortngas, Florida, as exposed at very low tide 
on June fi, 1010. The beads projecting above the water are Orhic<fU^ 
the principal reof-biii!ding coral of the Floridian and 

cst ndian region; tho fanshaperl objects arc the alcyonarinn coral, 
G&rgonia^ while tlm rod or whip liko objects are other 

Alcyojiaria that belong mostly to the genus Pie^aum. Plate 2C, 
figure C, is from an undersea photograph taken at Carysfort Reef. 

of Miami, Floridii. This illustrfltiort the benutiful, 

wavmg gorgoniai^ especially the fun coral, and large heads of 
vrbweiia as weH as some other stony corals; but it does not 

MOW the liighty colored fishes that dart in and out .among the coral 
heads and constitute one of the enebantijig sights to be seen on cond 
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r«fs. Plates 27 and aro «ijmdin:titnis of «f Seville-Kent’s 
photographic illnslnilions of the Great Barrier Kcef of Australin. 
Tlifse three plates illuiitrate true coral rcefSi which in ray opinion 
should bo defined as follows; Coral reefs are ridges or mounds of 
limestone, the upper surfaces of which lie, or lay at the time of 
Uicir foniiation, near the level of tlio sea, and are predominantly 
com posed of cah'iiini rarbooate secreted by organiEms, of which Uio 
m*«it important are corals.^ 

Tlip corapoHitioii of what. I consider true coral reefs Is very corn- 
pies. Tho main framework of the reef is fottued by coral heads and 
stout coriil branches, while tho interspaces are fillcii by small coralfs, 
and tlie sheletons of other organisms, same of which in the course of 
time arc more or less broken up by the waves. In many cases it is 
difficult to decide whether nr no to apply the dcsi^tiou “coral 
reef*’ to richly coralUferous deposits that aic obviously tiedded. 
However, it seems to me that it should bo applied wherever corals of 
reef facies seem sufficiently abundant to have formed appreciable 
nigusities on the sea bottom, although tho deposits are betlded. Beefs 
predominantly composed of the remains of calcareous algae should be 
designated “nullipore” or “ bUhothamnion reefs.” But, where the 
proiwrtion of these organisins to corals is so nearly the same that 
only exact computation will decide between the two, such a reef may 
be designated coral.” 

SOMR KiVIW or LJMF.'miNK THAT* 11 ,WE WEEN aiNFXTsrji wmi cohae- 

IIRF-F UKM K. 

To many it may seem suporfluous in a definition of coral reefs to 
sav that the remains of corals should lie iin important constituent 
of the rock; but the term “coral rack” nr “coral-reef rock” bns 
bei'n repeatedly applied to limestone with the making of which 
corals have had either nothing, or practically nothing, lo do. An 
excellent instance of such a popular, and until recently seienllfii’, 
misconreptiou issnpplietl by tbe Bahama Islands. 

According to Alexander Agassiz the Bnliumfis an- composed of 
wind-blown coral-sand. The sand composing the ridges in the Ba¬ 
hamas. at least those I have eron on New Providence and xVndnia 
Islands, has certainly Iwen wind-blown. Pluto 3Q illustrates an 
expuEure along East Street in Xatetiu, and plate 29, figure B, rep¬ 
resents the face of a siuall cliff at the south end of M<irgun Bluff, 
Andres Island, both In the Bahamas; while figure A of plate 29 
is from 0 photograph of ft section of a simd dune at Cape Henry, 
Vii^oia- These iliustratioiis show the essential siinllaritT of thp 

. T. W.. iTif Inl tonfltidu nBilrr •MtleU Pil*o»lc botbI iT«b unrt tnirDrd~ 
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uri'&ngoinent of tiiu Jiiiit^rial in BaliMuJiiii ridg^ and of that 
in a sand done at Cape Flenry^ The sand at Cape Henry is silioeons 
(quarts) sand; while that composing tho hills and ridges in the 
Balionm^ is culcareonai almost pure^ more than ^ per centj car¬ 
bonate of lime- Limestone composed of grains similar to the grains 
in the wind-formed hills dnderlies the surface of the low, Bat areas 
in the Bahamast but its groins have not been wind-blown. They 
were fonned in the sea and were later uplifted ^ that they now 
stand above seadeveL As tliis kind of limestone has been improp¬ 
erly called coral rock^ a short account of the mode of its formation 
will be given. 

A close mspeeiion of a piece of this roek^ even with the naked 
eye, reveals that it is composed of minuto balls and ovoid or ellip¬ 
soid l>odiesT from 0.2 to about I millimeter in diameter^ into a 
cementing grountlmass. Plate ^1^ tigi^re A, iUiisirates tlic ourfaco 
of a specimen natnnd size^ and figure B represents a part of tlie 
surface enlarged Id times. Because the ball-like bodies com¬ 
posing the rock give it an appearance similar to fish roCj it is 
known Its oolitCj which means egg rock, Pktc figure I illus¬ 
trates a tliin slice of a single grain magnified 100 times. It Is en¬ 
tirely' obvious that these bodies are composed of concentric cimtSj 
and that tliey were formed by some pnxwss tliat caused outer coats 
to be Buccessively laid down on the inner ones. It w^aa statetl in 
the preceding paragraph that this rock contains more than 90 jicr 
cent calcium cnrhonate^ and thn^t. the egglikc gmnules originated m 
lIiR BPu. How was the carbonatf? of liiuo taken «»ut of the seal 

Heoent investlgiitioiis have very clearly sho-wn that there is in the 
shallow' waters of the Iropical and sulitropieol |jarts of Ilia ocean as 
much c'arljtmatc of lime in solution as it is passible for the water to 
hold—in other wordsj the wiiler is siitunited with carbonate of lime. 
If IS tlierefore clear that any agency that will reduce the capacity 
of such water already satumted to hold calcium carbou.ate in solu¬ 
tion wUl cause that substance to bo precipitated. The principal 
solvent of C4ilcium carboiiate in sea water is carlmn dioxide (CO^), 
]K>pularly known as carbunic-ncid ga.s, and the reduction of the 
atuount of it in the sea water will prOiluce precipitation* Raising 
the temperature of the wuter^ whether miturally or artificially^ re¬ 
duces its cajsacily to hold CO^, and agitation^ if there is h>o little 
C-Oa in the nir^ will hasten the process. Evaporatiorij leading to a 
greater concentration of afilts in the water, will also cause predpi- 
tation of calcium carbonate. 

liesides the inorganic agencies mentioned, thcra arc organic 
agencies that cause ihe precipitation of calcium carbonate in llie 
sea^ It has l>eeu known for n long time thnt the addition of a strong 
II Ik all j such aa aminotiiaf to sea water will produce prccipitution of 
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c&rboitiito of lime. Tbcro are semal kinds of bacteria tUat cause 
the formatiofi of amnioiua in the ocean. One of these kinds Is knoten 
aa denitrifyiiifr bacteria, biwause they hronk up nitrate salts in the 
sen. converting nitrates into nitrites and these into amtiiouia. and 
they are to u considerublc degree responsible for the lintitcd develop' 
nient of given plants in tropicid. scan, on they rob such plants of 
an iiuportunt part of their food. G. H. Draw found ns many ns 
160,000,000 of tU<5Se bncterin in 1 cubic centimeter of mud off the 
west side of Andros Island, Biihiimus, opposite the mouth of South 
Bight. A figure (reproduced from one by KeUermnn) is liere given 
of this Very minute orgunism, which is known ns Pseudomonas 
talok (Drew) Kellerlunn. Any otlier bndcria that will evolve am- 
mDuia and given plants by taking CO, from the water wdll also 
cause the prccipitntion of caleium curbonnte. Tn such artns as tli« 
stioal waters on the lee rides nf the iriands and in the lagoons in the 
Baliamasj where all of the agencies mentioned are cooperating to bring 

about the precipitation of cab 
tiiim carbonate, it is not at 
present possible to estimate 
how much of the effect is at¬ 
tributable to each. 

The material when first pre¬ 
cipitated is very finely di videtl, 
and may form veiy* minute 
needles or small balls of tha 
mineral known ns aragonite. 
On plate S2, figura 3 illustmtcs ftoma of tha aragonite ncctlles, 
miignified WO times, and figure 2 illustrates some balls taken from 
the mnd, Imth out of the sniOiB saniptc, from the west side of Andros 
Ishind, Babanins. 

Oolite gniiiiB of calcium L<ai'bonate nitty bo proilucod arlilicially, 
either by means of cultures of bacteria that evolve ammuniu or by 
adding niumonia to sea water. An illustration of a ibin iiocthin of an 
oolite grain from (Ireal Salt Ijiike is given on phite 32, figure 4; the 
Ggni-cs on plate aS illustrate artificially fornml grains. As tlic very 
fine concentric banding of the Bahamian oolite greiiuj has nut yet 
l>cen reproduced in tlic laboratory, there ar& still EOtiic features* of 
these groiius that necil more investigation. 

Some iiivestigators of thu origin of oolite grains liavc contended 
that they are fonued by filniiicntuus algae, because borings appar¬ 
ently made by such organisms were found in the grains. Algae of 
Ibis kind Imre into nearly all caTlHmnte of lime structiires exposed to 
thyir attacks; they even bore into coral skcletoiis up to ibo limits of 
tbo soft animul tissues, (in pinto W, figure 1 tUu.strates annul of 
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Lbese algae ubtaLinicl by dec^ltifying a i>pecmjuji gf tba corul Orhi- 
cella cavernosa/ figure 2 shows tlifiL nlgae in place in the skeleton of 
Orbieeliii tinaW^ria/ while plate 32, figui^ 1, represent; an oolite 
gi-ain m which Uiere ate m algacj but T um cotifidunt I cnultl hav© 
found iui oolite grain with algau in it. 

Some of the oolito of the Bahamas remains as Jt was bedded in 
the sea, except ttuit it has risen or fallen witli the movements of 
the crsjst of the earth, while other rwk has been broken up and has 
supplied grains to be heaped into dunes bj the winds, 

Altliougii the Bahamas have been L-Lilled coral islands^ they aienot 
coral iftlands^ for they mostly compost'J of ootite formed from 
calcium rarbonato ofganicaUy or inorgaiucally precipitated in tho 
ocean, some id which has l>een broken up and blown about by the 
w ind. There are coral reefs in the Bahamas^ and they ere exceed¬ 
ingly dangerous to navigation, but they occupy an area probably 
l>ctiveen on!}' one threc-thonsandth and one six-thonaandth as large 
as that underlain by tlve oolitic Um«^tone. 

Oolitic limestone sinnlur to that so widespread in the BahatoAa 
also occurs in southern Florida^ where the are-a under km by It is 
many times greater tlian that ot-cuplctl by coral'l'oef rock' and the 
Bermudas, popularly tliought to be ‘‘coral island^-- according to 
^'errill, ai^ mostly cemjjtKicd of slicll sand and 7iol coml sand. Be¬ 
sides thciSG two kinds of Limestone, n>ck predominantlj composed of 
the testa of Forarainifera and Bryosoa sliould be definitely excluded 
from the cntcgKjry of ‘‘ mml rock^^*' Thu study of the formation and 
clarification of iitnestonea k fascinating^ and I should like to pay 
much more attention to it than is practicable m Iho presunt brief 
review of a large subject. 

I also rcgiict being obliged to pass over, olniDst without mention, 
other organhtmfl than slony eoruLi that contribute material incor- 
poraitod in reefs* There are the di^^oid Orhilolllt'^ and Qat-coiled 
Oi-bhuliiuLf Foraniintfcra go abundant in Florida and the West In¬ 
dies, tlie stellate Tinoparm bacutalu^ of Australia and ottier species 
that live on the Pacific reofs, and Pol^trcnui ubu^uitous 

cm coral reefs as blood rod, reticulated incrustations on dead corals 
and slieils, Alcyoneria arc important contributors to bottom deiJosifs 
in places, although, in my opiiuun, no quantitative evaluation of their 
work has y^et been accomplished j and eebinoids add their tests mid 
spines to the remains of the memben$ of the other groupsL CorallJno 
algae vie with stony eorahj in relative imp»rta,Tic4^ in some plucea ono 
grjuip* Ell otlier phti^:^ the other holding first rank as reef^builder, 
and tic least in niiiny places in the Pacific form incrustations jiist 
landward of the sea face of hiinnei's* An aewnut of the chai'nis and 
dangers nr tiis^'omfortfi of reefs must Ijto abbreviated practically tti 
its suppression. I will only siiy beware of the long, waving^ pointed 
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ispuiGS of the sctt ureiiiQf I>iadi;iaa aft&tufn (now calkt] Venlrtcftimtif 
uttomts ); look wurily into crcvices, and step carefullT into pools, 
other wise sore feet, lega, arms, and hands for days or weeks to come 
may be the penalty I 
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Having given a Jefinilion of “goml reef" and having oUminated 
from the category of corsl reef otid coral rock, limestones whose for¬ 
mation is independent of the activities of corals, a few words will be 
devoted to slating where cowl-reefs occur. They are found In those 
parts of the ocenn where the conditions summarized on page aiE of 
this article prevail, As the proper conditions of depth, salinity, and 
purity of water, intensity of light, and character of bottom, are wide- 
spread in the ocean, the temperaturo factor is critical in restricting 
coral reefe to certain areas in tropical and subtropical scai Coml 
reofa thrive only where the average temperature of the coldest month 
of the year does not fall below abant 21“ C, (70® R), and where the 
usual temperature is between 25® and 30® C. (77® to 86® F,),' A well- 
known oceanographic fact is that the waters along I he western sliorei; 
of continents are colder than thoso on the eastern sidcss. The gretit 
Jiving coral reefs ure therefore in the tropics 1 western Pftcific Ocean, 
around the tropicoJ Islands of the mid-Pacific, in the Indian Oreaii 
and the Red Sen, anti In the tmjncal and subtropical western Atlantic 
OcGftn. Reef corals are weakly developed on the Pacific aide of Cen¬ 
tra! America imd Mexico and on tlic Atlantic coast of .\frica. 

Soma features of the Atlantic (Caribbean and Floridian) reefs 
will now be compared with those of tlic Intlo-pacific reefs. There 
are at present two great biogeogruphic divwioiis of reef-coral 
faiinuB: one is the Atlantic, the otlier is tlte Indo-Pacific, separated 
from each other by the laud area of Central America, In their 
ecologic relations the reef corals of the two regions are identical, but 
there are important ^'stematlc differences, and tlie Pacific corals are 
more luxuriant in grawtli jmd more numerous in species than the At- 
hintic. That Pacific corals appear to grow more rapidly than tiiose in 
the Gulf of llexico and ilie West Indies was pointed out on page 214 
of this article, T!ie number of species on a section of an Indo- 
Pacific reef usually ranges between about 5.5 and something over 70. 
Von Marenzellrr records 71 species from the Ile<l Sea; Bedot lists 74 
species and 5 varieties from Amboina, hut 1 believe 4 of his sjjecific 
names are ^nouyms. leaving 70 valid siiedes. I hove iilentified 63 
Etmcitg in Mayer^a collection from Murray Island. Australia, and 5i 
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apecies in W^mhI rFiitiesfi (‘snllt'ctioii fnjiii Coo<>s-Keeling Islands^ but 
it is known that u mure H{>eL'i^ occur in the Utter U- 

lands. 1 icoilected at Uiu Tortugais, Fiorida^ about S2 species^ but this 
^.toes not iiTtprcbi^CLiit aJ.l the species in the Floridian reef fanuB, and 
jihfitit 20 species at Cocoonut Point, Andros Island, Bahamas, but ad¬ 
ditional species were colleilcHi on llie reefs near the mouth of South 
Bight, and other specie^ are known to occur in the Bahamas, The 
total number of Bahamian shoo I-water species h aUmt 35. There¬ 
fore. on a segment of a rieli reef in ihe Ttido-Pacific there are about 
twice as many, nr n few jiiore than twice as manj^ species as there are 
on u similar segment of a ll'’est Indian or Floridian reef. It would 
require too much space to discus^ the systematic difFerencea betw^eeii 
Indo-Pacific and Atlnittic faunas here, hut it may be stated that the 
following are the namea of some of the Indo-Pacific genera not 
known living in the Athiuric, viz: Pofyiflopc^ra*^ Slj/lo- 

phora*f Eupk^Uia*^ CypAasirm^ ffajEnarcti*, Ani0m*^ 

Faj'itc9*y I'mcktfpkpUtOy JI^dfu>phora*, Lept&rld*, ^Syi^nphytlia^ F«n- 
BeT^etcNtAa^ Polypkyfiia^ /Zfflom/^ra, PiOfhbacta^ Fmckyaem^ 
Pavo^ia*^ L^ptosi ris*^ IJalosem*^ Coclaseru^ Pia^ftm&cora^ Diplooji- 
trea*^ A^tre&pi>ra*, Tur7nn€(rh^ Monllp&ra^ and G&nwpora*^ but 
those whoso naiues arc market] by an asterisk {*) occur in geologic 
fonnationsof Oligoerne agi'^ in the stmtheru United States, the West 
Indies, and Cent ml America, and some of them range upw'ani into 
ihe Miocene. This list might tw greatly increased, but it will impress 
the rendiT that many geiieni now' liring in the Indo-Pacific region, 
hut aljsent in the living Atlantic fatiua, arc represented in the Ter¬ 
tiary geologic fonuations on the Atlantic side of the Korth American 
CiUitinent. Of Lha Atlantic grocra not known to bo living m the 
indo-PacIlie region there are St^ph^ioco^mHy 

Pr'ndr^ffi/m^ and Manhina^ and some other genera are probably not 
rcpresenlcd there, while tlic of other genera that arc repre- 

seiited in both the Atlantic and the Indo-Pacifie are not closely 
relateil. 

TIuit tlio IndoPacifie anil Atlantic fBiiufis were not always $o 
distinct as they now are ha'^ lieen indirJl^ell in the foregoing para¬ 
graph. Geologic investigrttions have re veal pd that during later 
Eocene, all or most of CIligoceDe^ undaparl of cfirly Miocene time,tho 
two oceans were connected across Centrul America, and that the 
same faunas occurred in both oceans. In places the older Tertiary 
faunas in the Wi^st Indies containei! as muny specie as arc at present 
found on an Tndo-Pucific rct^f. For instance, about species arc 
reported from the Oligocenc of the islanit of Antigua, where I per¬ 
sonally collectctl W apec'ic^j. In midiile and later Nfiocenc time the 
Aliautie and Pacific became separated hy tv land bridge from South 
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ro North Amierii'ai jMul by Pbocftiu time th^- cortilri of dbtitioiive 
Imlo-Pacific fuck-^i liiid tK^come eicunct on tlio AtLaiitic so that 
the P]k>ceQe cond faunn of Florida is purely Atlantic in its adinities. 
After the sliffeix'ntislion i>f ihe AtluMliL- from the IniU>-Pacifit! futiim 
it seoins tlxat there wns a short connect Ion aoiiie where tiiat f>F:rmHtefi 
the Atliintk fiinna to rxtenrl on the I'acihc side of America up to 
the head of the (\u\t of Califon^iu. 

TilKOniEsI Of’ THE FOail^ITJON OF (ORAL UKT.FS. 

Three kinds of com! reefs arc generally recogubodj viz: (1) fring¬ 
ing or shore reefs whkh neenr along the shore; (2) barrier reefs 
Trhich CKScur at variable distances oilshorc and have lagoons from 
1 or 2 to as much as 30 or even 40 fathoms in depth between them 
and the shore line; (3) ahdla, which arc ringlike and inclose lagooiUd 
above whose surface no land masses of importance protrude* 

As the literature on corul reefs is so enormous that a detailed re¬ 
view of it in this paper is ijnpO!?sibIe, coral reef theories will be here 
chissihed Into three gencnil categories, wUh a subordinato division 
of the third. 

1. The first Uieon^ is tliat of Darwin and DiOia* According to 
these authors corals first form a fringing reef along tlie shore of tho 
gently sloping bottom of a stibsiding Jand area; the reef grows up¬ 
ward ni such a rate that its top remains near the surface of the 
water and through retreat of the shore it is converted into a barriern 
Continued subsidence, where the inclosed lend iux?a is an island, mav 
result in the production of en atoll circumscribitig a lagmn witliout 
any land mess projecting aliove the walcr level. But the Darwinian 
hypothesis involves nu^re than mere subsidRuce nod the conversion 
of El fringing into a barrier ix-ef, for It n]so uttempt:^ to accuimt for 
extensive siiLmarino plutforius by assuming tliai they have Iwcn built 
u[Hjii itf^p!n{/ basements threugh iigcricies ilepcndent on the pri-aenco 
id reefs* 

The aofompaiiymg two figures tp* are reprodnctiuiis of Diir- 

hi‘s original illustrations; while the third (p, 22i) U J. B* 
diagrammatic cross section of the Great Barrier Ilecf of Australia. 

2. Tlie nest general theory of coral reef formEttioo was originated 
by t'arl Scmiier/ whoj in after studicy ki iho Pekw laimids 
and noticing evidence of uplift there, announced tlm opinion that 
atolk could be foniictl in areas of stability, or even uplift, by the 
solution of the intorior of limestone tiiiLst^s, nnd rhsa eroaioii by 
nirrciita ami wave cntllng could ilevebip channels iwhbid fringing ' 
reefsi, and in Eliat way tram^fomi a fringing into n barTier reef, 

I CittI, IZt'lii^lmleht; fPr wUl Zoc^T., ynU 13. pfi, 
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l^furray ^ in L830 publislitid tiic fulluwing siiiiujiarj of his ophiioxx^ 
on the foroiation of conil reef5 J 

Tlmt whoa carAl plun tut Ions tiulld up rram suhninrlne hn tifcF? rhey ah 

ntulL furiUi fiwliijf lu tli** luuro utiuiHluiit supply af fcKHi tht? nuler tuun^n. 



Tio. d.—CuFi Ot I’lijittit ILLEramATi^tq CoKtxsBiqsi qr x vmxoisCn 

i!m) * wAmtm ni^Eri xccgunixg m ms ifTi^uTUFHEfl. A A. Omc kmb or 
TIIK Kir XT TIEK Limili THS BTi. PP, KlfOlLpm nr TUI ISUID^ 

OOTU KtKEIS or TUB HAEr, XSTK tTS UrVAim qttUWTlI miKEVg X fltlilEUn irV 
uiDExciL €C. Tjlc LXDoON-cnxfcML sETWlE:t xJEs uctr xxta TUB mUOIlBh: Oi 
THE .VOW Ejrcincun uxd. Ii^R\ T]l£ allolLEn or TUB X:}<CttiCtJU> La£CDu 
X. B.—Id UlIi sue) tti« fallEwior cut I hi!' ■nbi trl^'nce af Uau IadA ^nmild uuly 
Of r^pFr«}fiEHMj ov H-tt rttft Iei iJsn l^iti of tMo ireu 

utul iho mmovul af tlvn^ dinil tE»ek from tlin intorlor porlEun hy CQrrdat^ Pnd 
by the nciLua at ihu ci^i?hoiiSc-aL'IU ^cpt la sea wat^r, 

TIuit tJio hurrl^r irt!ii*fs liq^'c lK!oa huilt tiut fripni tlk^ shunt ini ii fouuJntluii of 
voleAnlo- il^^brlji ar oa tx bit as uf cottU btiictSr caral seillmuaL, aad p^dugii: 

Bud lha lagboa chnon&i U fnmwi In the snaie way us a Lagoaii^ 



Ffca. 7,—ewT or Dxkvih^’s nar&B iLLmtUATixa oosrvuitsECis nr x 
mm fiMxr t^rro as xtOlIj, xccuLpiNO TO aiB liTroTUMfiZB. A"A\ OlJiKi 
XlKtM OF Till imUUEA Ktr XT TilK Lmmi* OV tub BEX. ^*115 COCOASPT 
TiiEEii ucrtiEsrftv cauAi, in lets rokUKB os ¥UE ui£F. Cf7. The jjiudok 

CJMSMCL. S^B\ Tub iliUllEH UF TUD iSLXSDg OaNBUALIdV FOUtED dF 
lAjnr ALLlTTIXli LXJiO ASa SfV OOSLil. dnUXTOB FHOU THE uncHiBr 
Mlh. TuF UOTEIt EEMIK O? THE B££r^ SUW FO1|Ui;;0 xs ATOLl* 

Tub LAnDOX or TUB XKWtl PuUMIU^ WVU ACCOKISa TO TlfE 
tfCAL^ TUa DUI^U 0 |- THU LACJOUM A?fli or THE IXJiiHltS rUXSSIL. 4 S KX- 
XuquxTTD. 

Thai It Im not iid.-™«iry to cnii Vn suLutldeiiLv to ciplalu uuy of thu oIhif- 
uctfrEsrlr friitun.^a of botTrlFr rn^fw or ntolls nnd that all lltcse fooiimss woutd 
eilBi alike 111 iirettw of alow ulevntlop, of rMt, or of alow' auboldcnn?'. 

Alcxmuler Agnaslz iukI Slanlej Ganlluer were in e^^ntiai uccord 
w'itk the opititiitii^ of SpmjKjr und Murniy. 

* SJdmijfc JH«hn. Od the itnii'iDri^ hehI oilxtn df mml r«fE oM liitBudf : Eoy, Hoc* 

Xdlahtirnh tdl. 10 . Igfli^lSSOp pp. 505-51IBS! 
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3* The third theory can not. Iw refer ml to iiny otie ns it hm 
groilunlly gTi>wn rmt of the work of nmtiy men. liriefiT it is 

that utTalioro have fortimt on anteredent flattish basemeota or 
platform:;, diirihg or after siihaiprsoric'e, in ureas where the ecologic 
conditions are favorable for the life of reef-biiihling eoruh. Some of 
the work of Alexander Agassis, IT, 13- Ouppy, and R. T. Hill pre¬ 
pared the way for tliiy interpretation, hut apparently it was first 
definitely made by E, C- Andrews* as a result of bis study of tJi- 
Great Barrier R<.^f of Australia, tind subscqucnlly Ikniley and 
Grifiith Taylor ecirroboratcd his conclusions. Later my own stiidie ;5 
in Florida^ the West Indie«j and Central America led rae to umke for 
those areas essentially the same interpretation as tliat of Andrews 
and lledley nnd Griffith Taylor for the AustraUan Great Barrier. 



rta. a.—RuwnrmQsr or J. 11 Erortni? acbrrb tiii! oatA-r 

ILuljuh Unr of A^itiulia. a. St a tftvitivm fum qix- 

ZULLT V3CFAT110MAULE. ft. Till ICTDaU fi. CUfijUt 

liraiDt TDM UAZDJKI, utjriuii!u*T AlnrtTT Ift om FATHoaB h:e^ 

rf. Tun Micr. t. SlIOAL ClIAK^ML HtTinE^C THE INXEE KEXr 1 x 0 

rttn VttUU. F. Tni fitRAT OF CMjCiXKiim tUiCK, nJMvio 

ur i'i^eAL aM> TIIK wmiiTUii or tonAui axu MictxUi. O. Tut uaix- 
uaxo^ rmum ^iuxuth ano oritEi eociis. 


3a* Tlic viaiility of the theory next to be consideretl, the Gtueial 
Control tbeorjj ia dependent on the soundness of ihe uondusions ex¬ 
pressed in the prc««lin<r piini>rmpb. This theory, tis is llie case with 
moat theories, grew gnidunlly, and ultiiimtelv foiiinl ona eldef ei- 
Irtineul, who is U* A. Daly * Of eoui-* titkijjff water from the ocean 
to form the coiitiiicrilal glaciers of PIeisto«ne time would lower 
the level of the surface of tJio sea during that time to mi amount eounl 
to tlie quantity of water abstracted from the neeaii, if there wore no 
crimtal movements, micli an down-ix^mling due tg the Weight of the ico 
caps in higli latitudes, that would cotmtenirt (he eifects produced bv 
removal of water from the ocean to form the great ice capsL During 
Pleistocene time, beeanse of the cold climate of that lime, the rate of 
formation of coral reefs was prohubly leducctl, and, as the protection 
they afforded diores was thereby lessoned, the waves of the sea would 
then cut extetisive auhimtrinc plains. Willi the ivtnrn of warmer 


•PnllnlniiT bgti- m tbr Erclocr tt IIk f, 

^ 
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climaik Mnditkns iJic jtri’at ioc cat^s luiiltcd, Mid tbo watcr^ thus nfr- 
leased, flowed bads to the sea, raking its level by an amount e<nml to 
the quantity of water returned to it The warmiT waters were favor¬ 
able for the growth of reef corals, and coral reefs grew’ luxuriantly 
on flats, partly formed by Pleistociine wave-cutting, during the pe¬ 
riod of moderate and gradual subtuergimce following deglacial ion. 

CRITK'Atj FiXAiUNAT10?f OF TMi: JilFFtlRFXT'tflKriRlBH UF THE PDKMATTON 

OF COR1L 

TUa Seinp<^r Slmrray theory will be disciUsSOLl first, for it can 
be elimibuteil from further i'diisiilemtion. By rcferrinii: back to 
pagi^ 2it of thi^ urticleT it will l>t> that present evidejacG in am- 
vincLiig iiiat Deilhrr ti lagooiL eharmel nor the lagoon of an atoll wiii 
be formed by I he soivent effect of sea water in coral reef artym, ami m 
lagoons in goneml are Areas w'here the dejmsition of pediment pre¬ 
dominates over Its removal^ they timpt be explained by an iileloeing 
and not by an excavating process. However, in small areas Uiail 
destruction mu}^ predominate over constractloUj but such localizal 
destruction will not explain the phenomena presented by lagoons. 

Both of the other two explanations are in agreement fts regards 
the part played by Bubmergence in the formation of offsliore corsl 
reefs, which include those of the barrier kind, but differ in that ac¬ 
cording to the Danvin-Dann h>T>othcsLa the flat lying shoreward of 
a barrier is dtic to Infilling and leveling behind the reef, while ac¬ 
cording to the other explanation tlie reef has grow'n upon the sur¬ 
face^ usually the outer edge, of a flattish area that antedates the 
presence of the reef. 

Tlie evidence lies ring on siibinergence will be briefly reviewecL be¬ 
ginning with some of tlm criteria used in inf erring such a change in 
position of land wdth reference to sea Icveb One of the first rcoog- 
mml kinds of evidence indicating submergence of the land is the 
presence of arms of the sea exiciidiiig into the land area and oc¬ 
cupying the Inw'cr parts of valleys to Iw accounted for only b^' stream 
erritiion operating at altitudes above present sea level, Plate 
figiires I>, C, illustrates siihiuergcd lower courses of valleys in the 
isiuneb of Antigua and St. Thomas, West Indiiaj; text figure 9 illus¬ 
trates a part of the shore of ^intjguaf w here it b deoplj indented by 
arms of the sea that os a result of submergence of the land extend 
up valleys eroded when the land stood higher above the ®a Icvd than 
it does at the present time. Figure B, of plate 35, illustrates a 
view looking towaril the head of SanSiugo Harbor. Cuba* and figure 
A of tbe .^ame plate b a view^ looking seaward through tiie harbor 
mouth. Text figure 10 illustrates a cross section of Habana Harbor, 
showing that within the harbor there is a tilled channel, which must 
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bnvi! lippn cut wlicn tlif Inn^ was nt lesst IfiO fwt highur witK 
irferftftcp tn sen ie%’(d thnn nt pniSruti The Cubiui hiirbors nre pouclt- 
frlvnpofl bftsins inlfl which the wn has been iitliijittcti Iijt 

siibmei'^ncc of the Jaii<L PIfttc ati illustrates the basiti of Vtimiiri 
llivejr nml the |»)r|n> throiijih whicii it flows into the sen nonr 
Mfttanzaa. Cuba. A sligiit lowering' of the land would convert 
this basin into n iMnich-shaped Larlior. Theri! nre iivinp eond njefs 
off the sliotf^ of ^Vntigua, St. Thomas, and Cuba, and they linve 
evidently grown upward since tlic aubmergenw of the former shore 
lines of those hilands. Shore-line phenomena stieh ns these occur 
around many of the West Indian fslanda, along the coasts of N'iea- 



nigiia and Honduras in t’entruJ America and along tliat of BrnKil 
Instances of similar phenomena may be seen in Xcw Caledonia the 
Society, Fiji, and other islands of the Pacific, .md along the Qu^nt 
hind roast, landward of the Great Barrier Beef of Anstifllin 
Wlietu the surface of the land is underlain by limestone, min water 
that, falls on tlie earth, instead of eroding stream ways and valleva 
in imiking its wuy bark to the oceon may produce ca vra and solution- 
wells |)y dissolving the limestone because of tiie carbonic-acid gas 
it containa Tn many areas, such as the Bermudas, the Bahamas and 
in places in southem Florida, caverns and so!ittion-wel]<^ arc found be¬ 
low sea level. Teat figure 11 (p,22S), a cross s^tion from (he shore of 
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AndiXJs Island. IJjibumas. ncross the harrier reef, shows the rebtzon 
of some solution-welia there to the outer reef« The flat bctweoi the 



loe 


rwf and the shore has certainly bceit submerged since tlio fonnation 
of the wells* 


Fia. 10. —APfP fiF r I turn cWiVSici. IS 111 hoop. Afi^eb Vxiroifis* >7ni SHK^ecioi, 
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Another kind of eAndence is thij presence nndei'sea of z^teeply slop- 
pog areas of bottom between ikt pluin snrfj^^i^ tberebj indicating 
the enbmergenou of an e^arpment or steep slope formed by niargmsd 
rnttizig of the sea, at a time while the Isind stood higli enough for the 
shore to have been nt the is^rpmcnt front, (See p. 236 of this 
article for additional eonsidemtion of this criterion.) 

The presence below level of depohit-H of peat composed of the 
remaioK of land plants is etlll another kind of evidence. Submerged 
peat deposits of this kind occur in St. John Harljc^r, Antignu, and 
near Key IVest, Florida. 

There are other kinds of evidence, but the four meritioned are suffi- 
cient for present piiriHiHes. Nearly all of the imporbint living off- 
shore reefs of the world hiivo now been investigated with reference 
lo evidence of submergence, and it has been found that practically 
all, if not Bctnally alL have formed after an eplwfle of snWicrgence, 



In the study of fossil reefs the principal criterion for inferring 
whether they were formed during the submergence of their basements 
is the nature of the contact between the fessil reef and the immodi’- 
iitely underlying geologic formation. If the underlying fomiution 
has an tineven upper surface and if pebhlea derived from it are incor¬ 
porated in the overlying reef, ihe deduction is considered warranted 
that the basement stood above ^ica level long ennugh for it to have been 
erwlcd by atmospheric agencies anil that it was then brought below- 
rea level before the reef wourring above it liegan to form. Contacts 
of the kind indicated are called unconformities. For a number of 
years I have been studying not only the airals in the fossil reefs of 
the T^"est Indies and the soiitliern t-nited States, as may be ^?eeii by 
referring back lo pages 221, 222 of this paper, but aliiio the geologic 
relations of the reefs, including the nature of their basal contacts, 
and the results are given in the following tables t 
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Stmiiffraphic n^nffoni of UV"#/ Indian and Vanfil ffnil OUffooeno 

reef mraiE ^nif eorat kw/m^ 



Loi^tjr. 

&II£L1 

Vpp/ot 

Vtmit CKxnpaniifQr Huk- 

CTikefHifbf mnbtiQ oa Cttlalvii 


itosmy. 

Hon. 


AWlttk 

VntKmUmmiaa an IeMiu ™* 

na laai^ilJEnitii uad 

UJiJdlA OUfDMM. 

AiLtlcu*. 

Dft. 


POrld IUm fciniuUoEi;i. 

Da 


CakA C0udA|A!U4A«). 

Da. 

U|ip9 KOHfifl. 

flt, Uvtlwkiaivpr^ 

Da 


Sfntiffnpfiia diatributUm of ^tal r^efa and nw/ iha waMtheaatem 

UniiaS Stotea from Oliffooena to tima, and thidr rtlatioa to ekanffinp 


OA4i;Qfi« 

Qtdliftgafl miirtpcfi. 

lUitrlbcrtlaa nfiwl contla 

Chkwln 

Hiia. 

Hfwl uiseailDaHiLlei. 

uulurUmEl* 

bueiEKaal ta 






BhbuL 



CvnlrwO. 



Hrodon uoouijHULltjr* 



neMtmaii. 

: Kejp Lori^ ]]iivfstdi3«u 
llrwinq una»iamt]t]r+ 

Da 

BuMmje, 

m^lCVEUl. 

! rnfonnhalcfare nuf 1. 


Da 

Hlwsm. 

Qawta^hftEc-<bH nurL 

Umikifi miDODlargalLFf 

KQfWit^B«»WOdf:}lC. 

! Da 



SbPvl E] fv iquL 

rA tew naralj; 4^1 tffffckpiBBat 



Alura D-lcdT 

Oak Oraifn wmI. 

I at rwti in fNmtfml aad EuiifUwi 

1 penlASLiliLF rtdriElai 

Da 



CUpolB mu']. 

A fqnif ODP)^, 1 otrtvf 


OMftKflm. 


cm Tuofii^llqiita^iiia 

Da 


iMuulign. 

jLvPur. 

Cor^l r«ite, Eittalvldin, C-wsidn- 

DO. 






Owla IlnmiftQiM. 

Kdtnnlncfa. 

Da 


Tt Api>ear3 triLDecessaiy to proseni more eThknce on this subject. 
The result of the examination of the fossil reefe is the san^o that 
obtained from the study of the living reefe — which is that the im^ 
portant ofFshore reefs have formed during or after sul^i^ergence. 
The contacts nt the bases of fringing reefs are usi^ally tho^ of uncon¬ 
formity j indicating that the land stood higher and was lowered before 
tho forma non of reefs of this kind| but at least many of the fring¬ 
ing reefs were formed during periods of intermittent emergence fol¬ 
lowing submergenee. 

Have the flats above w'hicb offshore reefs rise, cither as patchy or as 
barriers* been formed by infilling and leveling behind the rcefe, that 
is. are they dependent on the presence of the reefs, according to the 
1017^—10 
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postiilnt<>A of tin? Diirwin-Drtna hjpotheFis; or ai'o tin? fljits in origiil 
mdependoat of tbc eristcnce of the re«fe mid are tha reefs merely 
siiperposftl on flattlsh nreas that antedate their presence? 

There are at least three criteria that are applicable in deciding 1»- 
tween ih^^e ttro interpretations. The first of these is the relation of 
the width and depth of the fiat, or platform, to the presence or ab¬ 
sence of harrier reefs. If the fiat is dependent on the presence of 
the reef, where a- break in the reef occurs there should be a landward 
projecting reentrant in which the seabottom is deeper than behind 
tlie reef. The second criterion consists in the position of die barrier 
on die surface of the fiat- If the flat is due to infilling behind tha 
reef, die reef alLonld stand on its outer edge, not back from the edge 
with the fiat projecting seaward beyond the reef. The dilrd criterion 
(wncems die coniixisitioa and geologic history' of the flat landward 
of the reef. In many places it is possible to ascertain the nature of 
the rock forming the sea floor between a barrier and tho diore. Such 
a floor, if formed by agencies associated with tlie presence of the 
reef, will not exlvibit geologic phenomena that in age antedate 
the reef; but, on the other hand, if the floor can be shown 
to be composed of rock older than the reef, or to hove had 
any kind of geolo^c history antecedent to tlie presence of the reef, it 
ia demoDsfreted that the reef Is merely growing on the surface of 
a flat whaw fnrraution is independent of the reef development. 

The fTreat Barrier Ri-ef of Australia is definite in its testimony. 
Te;it figure l:i presents cross sections south of the reef limits and 
across the reef trech Profiles 1. 3. and 3, which arc south of the 
southern end of the reef, show the continuity of the platform [south- 
ivanl beyond the end of the reef; while profiles 4 and 5 (jliow the 
platform projecting some miles Iwyond the reel At its northern 
end the reef apiieans usually to stand on the seaward edge of the plat¬ 
form or shelf. The continuity of liarrier platforms Irrespective of 
the presence or absence of reef* is guueral off the shores of large 
land areas. Plate 38 i» from a photograph of u, model of the 
Gulf of lIe\ico and tlw Can-ibbt^an Sou. There are offshore reefs 
on the I'lurlditm Plateau, and on both Campeche and Mosquito 
banks, but » person would Indeed be Imld to contend that Lhese fea¬ 
tures of the earth's crust are due to infilling behind reefs, especially 
when some additional farts presented in the next paragraphs are 
considered. 

The goologio succession of tlie reef-coral faunas of Georgia and 
Florida b given In the table on page 230. The geographic estent and 
composition of the Oeala limestone, of late Eocene age, which 
forms tlie basement of the Floridian Plateau, have been ascertained 


COftALS AJTP COlUI, BEEFS—VAUGHAIT. 


231 


with wnnlderoblc csActncssi. Its surface outcrop lias been tnnppcrl io 
Georgia and I'loridK, iind well borings, have tvvea.lcd Its presenee 
under yoimgor fomiHtions in west Florida &t Pnrinma Citt', aud in 
]>eninuutur Florida at Tanipa. Key West, Key Viicu, and Palm 
Beach. The limestone is largely composed of the remains .of myriads 
of NutmmUiies and orbitoidal Forantinifera. many Bryoxoa. and 
some mollusks and ecldnoids, with which tUeriij seems to be an undo- 
termilied proportion of chemically precipitated caleiuin carbonate 
and some terrigenous material. Corals are everj'wheru rare and as 
a rule an* absent. The organisms occurring in the formation are 





Fuj. VJ .—ripnwi Avm6^ coyrisK^rTAi, btielf^ ul^t Mtsm at Alvtkjllia, Tub iate- 

T[ OB AT THE f;tTiiB*K£Tios dr incti wmr tub buobe lcbb xn bk 

TUB BTATEUB!4-r H-tf TUB PJBBCTI<C^B SUf TUB IWiriUS IPBOM TUB RSQIUL 
WaCTIl OE TDB IKKiTUMBH teTiO or THl GUaT BbbbibB 

1. FboU hkobb babt ur EIllA, H. Lat- SG* 2^* Ifi"* Eabt. 

2. Vmvti BABE or !f?AMrtf Cafh, ji. LaT. 24* -10"^ KtiBTe e**T. 

S, ni^M Ttwirusffi HltL, «. Ut. 24 - 2 ?* 4 ", NuiTH 43 - EiiT. PAUINa BBTirn>r LiDt 
ElLICfT AXD- I^pr M^tfEOBOTB rSUlBtl^, 

ACBOAb the GMIAT BAericb IlKEr- 

4. rtOM Botio PERIBBETLip Lat. ‘M* O' O'*, NaVTH &0* ElBT, 

fi, Fbdm UKEdBi tViisrr, EzBcni9<}tW0uB Isureo, iS. LaT. 25' W', Nobtii IE" 32' 
&A«r. 

vhAra-ctcrl^ftiB of tropic^ shoal watei:, 50 fuihuzits or less in depUi; 
luid, nrf the curve deliioits the fiubmcrgrd border of the 

C’oastal Plain, it is evident that the Floridian Ptatcau baa been a 
part of the Coastal Plain and has had essentially its present outlino 
since 1ftto Eocenu time, before ifis for/iuiiion of ilu: Meat VAtti- 
tahoockee reef, which was therefore superposed on a subsiding pUi- 
form not produced by corals. Tim geologic history of the Floridian 
Platoiu shows that each succcseivo development of Tertiary reefs 
was on Qti antecedent platform which was formed by agencies not 
depeiidont on the prenmoo of coral reefe. ami in alf instances tbo 
VO ume of coral as compared with material from utlier sources is 

































232 iSrSTJAIi BESORT SMlTBSOJflAW UJaTiTUnOH', m?. 


oj minor nnd nsualiy of negligible iraportnnec. Thp accompanying 
map Ethows Oie location of the Oligoceno and Miocena toefn and reef 
corals of Florida and Georgia with reference to the plateau aurfaco. 

The evidence of these fosail reefs is the same as that of th^ living 
Australian.. Floridian, and Central ^Vmcricon reefs. But this is 
not nil. There are off the ea-stem shores of North America three 
banks at such a deptli that coral reefs might grow on thorn were 
they within the proper cliniatic stone. These banks am (teorgea 



FUL la.—OCALi i;ilte«TCXS TLiXtAB Wrrd OlifWO^ US'D 

If iiK¥Mi f?akAii. iL£m d mket cdmai^ oc. CtA.^Ooala LiMUTOxi; fsi ri«y 

CtE# AU PQH TUJQ Dia’TDA OW ITS UPfm AErVihiU AELCkW flEA Ctl.,n 

C£lATTA^fHV:HEE JiJttt TXMWA OLIOOCKTCR rDRlUTiaXH^ At^ fl.n= Al.n i^ Btivrr 
Uiocshm vtmMATio^, 

B^k off Xfliituckete the banks off tbc coast of Xova Scotia, ftfid the 
Grind Banks of Newfonndlind. Such bank^ ar« not conffned to 
the cnml reef Kone* 

Text figure 11 , page -^ 28 ^ of this article shows solution wells through 
the oolite between the shore atid the bairior reef off the east side of 
Andros Islands Bahemns. Tlie flat between the reef and the shore 
ftuist have existed before the present reef formed in order that those 
holes^ now submerged, might be made in it In Uie West Indies in 
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UM-^ 


Jint.eYyr^ 


geneml the living teefs a« growing on aniecetient plntfomta that 
have been onbaierged iu geologicallf Recent tiioe. Thera ace con- 
tinuons plat forme and dUcont inuone teefe i n Xev Caledonia, the 
Fiji Islands, and Tahiti, and such reiationa, which are certainly 
usual, if not entirely gciieru!, are not in accord with the Darwin- 
Dana hypothesis. Information on tlic small islands of the Society 


STTHOHAa 




£M 


CABt C4A4T or AHaUI^LA 



PEDflO a^NKi 



rtiHArvTi atolj. 

Fia. IL—Tit-m &r W£»t L^m^sf b,i:blittdiji< nijOfftJw Asto moriuc or FcxArcTi 

iTom 

gToup;^ Hkiubeine), Borfl-Borft, ih for 

M definiUj Rtutiejiieiit, and tliere is ccntroi^ersy as to wlietli^ di^ yp ftfa 
arfi growing on pitnioualy fonned flftU or whether the fiats am duo 
to inJilliiig behiud the reefs. 

U eat Indian lalamls sublittoral profiles nre interesting in this con* 
nection^ and are repn^nted by text figure 14* There are no ufFshore 
reefs where no platforms have been developed^ as off the young vol- 
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catlic islani.1 Suba, and the 3t^ep sbore along the iiorLli ride of St 
CroiA* Tlio prescnco of ft flat noccEjsaiy to initiate vigoroiis 

coral gi^owth. 

Onlv ft few pftragraphii will be devoted to atolls^ of which thero 
are two kiuds. Tliose of the first kind are ring-shoped seginoots 
of long twfs that rise above riialkiw platfarni^^ Hiieh njs the iitidla of 
the Great Barrier Reef of Au^tmLia and llib Tortngiis atoll of 
Floridju These are alniped by currenia that are meetly wind-in¬ 
duced. The convex ^ides of fucIi atolls are toward the winil and the 
open sidnfl are to the leeward. The accompanying diagram, rnpied 
from Ilcdley aiul Griflitb Taylor^ illnslnitcs tlie piLnoiples of their 
formation. Tliat there never was any central land area in such atolls 

is obvionii Tlie 
other Wind of 
ntolls is those 
whose rims more 
or Ics^ completely 
margin the Hut 
summit areas of 
fflihnLBrinc moim- 
tains or plateaus 
that almost reach 
the surface of the 
sea. This kind 
of atolls was the 
Biifaject of special 
study by Admi¬ 
ral TVharton/ of 
TnB iHTO Jft rwtifwa isto a nnttUHnoc, Amu Hedluy ivn British Navy 

aUlJTITll TaVLQA , ' . I 

who pointed out 

the Linifoniiity of the depth of the lagoon floors, and stuted^ as 
Cbanii:^ years preriou&ly had donCj that the margining reef a urn 
only more or less coniinnous. He also laid special stress on the 
fact that the fiat floors of the lagoons did not accord with Darwin^s 
hypothesis^ nccqrding to which they should be concave^ more or 
less bowl-shaped, and expressed the opinion that the summits had 
been leveled by marine erosion previous to the formation of the 
atoll rims. It apix^ars to me that the most plausible explanation of 
atolls is that ihej have formed on flat summit areas during moderate 
submergence. 

In reply to a criticism of my interpretation of the lelalions of 
offshore reefs to the platfonns above which they stand bsH^m^cl have 
not attemptc^l to explain the origin of the platforms,* 1 may say tliat 

* wiuirtau. w. J. L., FVsitftJutloini at «s«l utalli t Jfjityrf, VoL GS, pp. 13*1- 

■ [lurlu, W, U-. Ttw wrtffllq af fwfj=t Snt. Atfld. PlfWi, t&I, pip, 140^1^2. 

ilurclL, IDlEv 
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tho re<^ognUion of the fuct tJiat bcwk.-i, papers. inksl'Hnds, etc., aro od 
tlip top of u doak docs not require knowl(>dgD of the process of inaiHi- 
faoturo of the desk or even gf the material out of which it is made; 
and tluit one geologic fonnstion overlies anotlier may he ascertained 
without having complete knowledge of the geologic history of either 
Ihe overlying or the tinderlying formation. 

That the origin of the submarine Hats on which offshore reefs 
stand should bo nndurstood ia important in the iidvtineemeni of giir 
kiiowlotlgo of geologic history, «nd I have nequireil as much in¬ 
formation on the subject as I eonld. T nm convinced that there 
is DO one explanation that can be applied to all of them. The fol¬ 
lowing kinds of flaLs have already been rccognked: (1) Slightly 
tilted bedded lulfs, nS in the fossil reefs of Anllguaj (2) slightly 
tilted bedded limestones, as off the south cruistsc of 8t, Croix and 
Cuba; (3) HubiiiergeU coastal flats, as in the Fiji Islands: (4) sub¬ 
merged penejdainecl surfaces, as in tiie fossil reefs of Porto Rico; 
(S) submarine plains duo to uplift of considerable areas of the 
ocean bottom and to the deposition of organic deposits on such a 
surface, os the Floridian Plateau prior to the fornuxtion of the 
midtile and upper Oligorenc reefs of I^oridii and snutbem Georgia; 
(fi) flats of complex and not definitely known ori^n, such ns those 
of the Anligua-Bnrbudu Bank, the \’irgin Bank, and tlie continental 
shelves of tropical America and Australia.* Plitliis suitable for the 
groivth of corals have been formetl by siibaeriid and submarine depo¬ 
sition, and by both subaorial base-leveling and submarine planntion. 
NVarly ever 3 '. if not every, plain-producing process operative in 
tropical and subtropical regions has taken part in the formation of 
plains on which coral have groa’n or are growing where the plains 
have been brought below sea. j^vel and where the other ecologic con¬ 
ditions for offshore reef formation obtain. Although, as regards 
coral reefs, I wish to emphasise the indejicndcnce of those platfonns 
concerning which information is available, T wish also to make 
it clear that I recognise that in-filling does take place behind reefs, 
bnt that such in-liling is not Biilficient in amount to account for tbi* 
flats above the surfaces of which the reefs stand. 

The Glacial Control theory will now be considvre<l in more detail. 
If this theoiT is true the following conditions slioiild now prevail: 

‘frofnsQr DhtIii, Ici acg arUdo rnttllH) "Tin- Onit Barrier Rwt Adanutln,'’ pyl»- 
lliluil ta tlw Ancr. Jour. ScL, 4th m-p., toI. 44, pp. XMTrmhrr, 10.17, prapoKa 

Ihr tarpathrala tbal ILd |iUtiryr<a Mi wtalrb the tlTloa Grmt Barrier Seer li gTawlng 
rewlied ir^is In-BUlns bcblDd a barrier oout a *' nintarr recf-plBlD,'' actconliDC to ble 
tertBlDolDKjr, wOk foriDeri, AlthogEh Ihli I* ee iPCereillDe hrpotbeala. It la at pimeDt 
BUT poealItU; to prorape derlatve iDfoiwaUiHi «d the pnweosea wbenritp Ihr AOetniliBB 
cotLtfneqilAl iluLf k'Hi pralucvd. 



236 AKNUAl. REPORT SS£ITHaOKlAN J XIJTITUTION * WH. 

{a) There should bo evidunt'o of giuHilogiettUy Bec'cut subiucrgotict^ of 
niDst of the slioi-e Unes of tbc earth; (.b) the average amount of lb* 
submergence should be equal to the amount of low:jring of the ocean 
level during Pleistocene glaciation: (c) the position of the shore 
line during Pleistocene gbiciatiou should be indlcatc^i b_v searps 
separating flats, and the amount of sobnicrgciice indioiited by their 
present posiLiou below sea level should agree wUh the ainouiit of the 
r^ing of ocean level due to deglaciation; {d) the rute of growth 
comlH sliould be such that since the disappearance of the continenUl 
ice shcotii coral reefs could grow to a thickni:^ equal to the amount sea 
level was ralse^i as a result of deglaciatioa: (e) living barrier coral 
reefa and atoll reefs j^hould be superposed on antecedent bssetneni 
flats or platforms. It should here be stated that the fact that there 
has been local differential cmstal movements doca not at aU in- 
Tolidftta the importance- of the GlacjoJ Control theory in it^ applica¬ 
tion to the explanation of luodem coral reef development. 

In tho foregoing discussion it lias been shown that wdthm coral- 
reef regions thoro has been geologically Recejit fEubmergenco, The 
sliore lines of the earth can not he reviewed in this place^ but it may 
belaid that the available evidence indicates that the sea baa recently, 
geologically speaking, overflowed tho seaward margins of the land. 
According to estimates by W* J. Ilumphroya^ and by Daly the maxi* 
mum amount of tW lowering of sea level because of tiie abstraction of 
water fi-om the ocean to form the continental ice sheets was of the 
order of magnitude of 67 meters (about 36 fathoms )h Daly has made 
elaborate compilations of the depths of lagoons* lagoon channelB. 
and drowned valleys, in the coral reef areas of the Pacific and 
Indian Oceans j and the lowering of iicii level, between 55 and lightly 
more than 37 meters, indicated by the compilations agrees wuth the 
compu tat inns about as closely as should be expected. I obtained 
similar results in the West Indict Tlie accompanying text figure 
16 indicated a raiauig of sea level in cxccsa of 37 meters (20 fatlionrs), 
on the basis of interpreting the steeper Elope at a depth below 20 
fathoms os a marginal sea-cut scarp that has been submerged. A 
similar steeply sloping facet is shown in the profile of the Australian 
platform, test figure 12, The statement on the growth-rate of 
corals shows that any known living coral reef could have grown 
to its estimated tlHckne55s since the disappearance of the continental 
ica fihccis, calculated to have been between 10,000 and 30,000 years 
ago; and finally, so far as definite infonnution has been procured, 
living offshore com I reefs are superposed on haseiuerii platforms that 
have been reconfly submerged. 1 am entirely convinced that gfiicia! 
control is one of the most important factors in bringing about rhe 

* CtufiCH of Hrtl Iprel to of toIoju ; WliMiiatiOb AciiL j™- 

Tvi, 4-1^44. leiE. ' 
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SOVIME^T CQLASr Dr AKTl^ 


/i-t**/ 


great development of coral reefs at the present tinoe. However, I 
am not in agreement with IMy in attributing so much work to 
marine nbmsion while the level of the sea was lowered during Pleis- 
tmene time. It seems to* me that most of the platforms are of pr^ 
Ploistoffinc age, ami were wave-cut and remodeled around, llieir 
edges during Pleistocene timebut this is a subject that netKls much 
m&rft investigfttioTL 

It dioulti Iw stated that the raising of ocean kTe! because of 
glaciation not e^^plain the formation of all corol reefs, for in 
places, BE in socoe ^ 
p£ the Fiji Islands^ 
according to TVa G. 

Foye,^ tlie Babmer- 
gcnce of tbo reef 
biisements is due to 
the tilting of pre¬ 
viously flat-lying 
areas^ on the sub¬ 
merge part of 
^hich reefs have 
formed after the 
tilting. In other 
areas there is clear 
evidence of tilting 
and Wiirping os in 
tlie Bahamas and 
Florida, General 
tiibniergence becanee of deglaciaiion is concomitant with local cnistal 
defonnationA How the mibmergence producetl is, as regards corals, 
unimportantj provided there be gradual submergence of moderate 
amount. 

cosCLvraiONS, 



MATH COAST or 
ST. TtiOUAS 


tlAVJUiiA HAFLHCM 
•hd-rlnt 4«4ti ^nita4 
ehfiu^ fai h*rbar^ 




E^Q. 


la—rfeddfELKi diT West InuiArt Ihlasd^ 
Af;n£MH OasTK. 


The following are my eonclu^on^ on the formatioii of coral reefs: 

(1) Fringing reefs seem uniformly to have uncoinfoniiable basal 
contacts; they may form after submergence tliat is not followed by 
uplift or they may form during intermittent uplift that followg 
submergence—that is, they may form during either emergence or 
submergence, 

(2) Offshoi^ coral reefs?, barriers and atoJLSj fo-nu on antecedent 
flattlsh basaments during and after gsubmcrgcnce in area^5 where the 
general ecologic condition,^ suitable for reef-ooral growth prevail, be 
stated on page S15. This genera! iiation applies to fo^il as well os 
to living reefs. 


^ giK>lD |7 cr tbe Fiji bludl£ AcEd. NtL Scl. PTOC^ TOU B, aa 905-910, Aprtl^ 
111 ?. 
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(3) ri&o of sea level becatt^ of degtaeiation hm made con¬ 
ditions favorable for coral reef fonnadon over eooniioiift areas^ and 
it is one of the importanl factcini in causing the great development 
of coral reefs at tlie present time. Btit in some areas, os m tha Fijis^ 
the flats on trhieh the reef® are growing are coastal flats that have 
been brought below sea level hy tilting, as described by Andrews and 
Foye. 

(4) Tlie theoretic possibility of the progressive change of a 
fringing reef into a barrier and later into an atolb according to the 
Darwin-Dana hypothesis, tuay not be denied, but no instance of such 
a transformation has as yet lioen discovered. 

(5) The results of the inviJSiigatioti of coral reefs are v'alaabk to 
geology not so much bocatise of discoveries Immediately concerning 
corals as because of the additions to knowledge obtained ihrougli 
{L study of gi^at complexca of geologic phimcmenn among which 
corals and coral reefs are only incidents. Further Lnveaiigations of 
the phenomena associated with coral reefs am among the prying 
desiderata of geologic research. 
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Plate t. 
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Blaschka Gla&8 Mqoels of Sea ANEMOiiES. 
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P1J.TE i 



Leptattrea purpurea (DanaL 2. Gdhiastrea pectin ata [Ehrenberu). 
3. 3A^ MIU^PORA TRUHCaTA (DahaL 




PLATT % 

nal. Uptaiirco piirpurm I Dunn). Calks*, X 4, to show the formation of 
new callces Itj boddltiB between the okler one*. 

Z Cfonfaat™ pectii^ta tEtimilwrs). Rolkss, X 4. to feUgw tlio foraiatlon 
of new callctt bf the tllvlalon of tbe older onea. 

3.3a. jrWfc|»ra fninoitfa Dnnn. Fig. S, the Biteleton. natural at«i 0*. Sn, 
part of the nurfaw, X 3. to show Uio larEnr inwtroporM tml 
jnnaller dACtyloporeiL 
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Pl^ATK 31 

rvn^ tjiBUirck. 

Fic^iL t7pp«r lOt lower mirfttfx, bolh unturul sta^ 
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FUNoi^ Lamarck. 
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Plate 4. 


^ I A. OnOAH-PlPE CqAAL, TuBiPORA SR* 2, 2A, BLUE CORAU HELIOPOHA 
CAEHUi^ tPALLASJ* 


PlATP 4 


Flow, 4 tn^ OrKaci'ijIpo coral, TKHptmi ^ Fi& I* upiker surEnce: fig. la+ sldo 
vteWp both oatiirnl sire. 

2p2a. Blttp coral* 17c7tojwni cocrw/co (PaJUu). Fig. 2, rorallitm* naturnl 

*l«; fig. Sff, sorAioe; X flL 
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PULTK EE, 

FiiLl. SpecLmen of f’ociUopora bidboM Khmibcng, attacbod to a log Ln 
Oocw-Kaelliig Inlands. From a photOffr«(ill kitklt^r aapf^lod b;^ Dr, 
F, Wood Jonotfi. 

S. FOoi74&j9oni Duiuip anturnl size. A 9 |>«!t£acii from tlie oater 

borrlerp CDcofi-Keeling lulaadv. The lOUfh water fadeo of the spedes^ 
244 


Snilth«hla.Pi Heiwftt 


Plat^ S. 
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5nillhi«ni6n Hapart^ ig^l7^VAM|tun. 



PaCJu^pf^Fui £LE<UNa [DahaI 



















Ftxrifioponr tlcititns DtiUft. 


A part Tmtnfnl sJm, of Diiiia*$ tJW f™** tlie Fiji lalnucK Hilt Is tlie smne 
Bs the quieter-v™iw fRclM of tlie ^pedea fauoO In Qjcos-Keollu^ Istaiidt 
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Plate 7. 


Stuiifphftni (Bicper), frcun &Iacicl+ Ati^trqllfL 

PiOrl* Froro quXvt. tnUii^r il0i*p wtitcr^ c|t»piJi IS fathoms, 

2, Ffnia llw J^efl w^f€d e^Jgt? of the 

Eotti ifeuii^ 
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Plate 8. 
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poriirt (rallius), Croin TortnpLa; FloHilo. 

Fid.!. Quiet wutGT, tuKl&k 

2l Kxpowil reef fndcsk 

Flj^iire fibout ene-JiaLC tmlarul sIxcl 
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llnn-illjiti «iBta olptalnpd iKlwei'n tgS luiil W fathmits (W Hint T4 Weluin) In 

i3e[vth. 

Fioa. 1. Fun^a paMta (ElU* ®mU Solikinl^'r)^ two notiirtil ^ flf Unt 

Bime flpedtiiojL Fie, It ui^r mirfiow; rte. la^ lower surface. 

2,20. Fufiffia frspim (M«Kfe>p two ?JcwBp aboot twice ftat^ 

uml fiixe, oi the Hime speclmeii. Ftg* iipp€ff eurfiice; ftfi, £tf, 
lower surface. 

a. Lepfoit^ tffpWdia VausiiMit X 2, 

24S 


Sntlthianimn R^pcut^ IQ17,—Vaythan- 


PLATE 9- 



HAWAIJAN OOftAtS QaTAINED BErwEEN 2$ AMD 40 FATH0»^ i:40 AND 14 METEREJ 

IN OEPTHi 
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Plate 10. 




la 

HAWMIAH CpRAJ-a OflTAINEEJ BETWEEN 25 AHD 40 PATHOWS m AHO 74 MeTETO) 

IN Depth# 








Plate IOl 

TTniriiMjin eomlp betwc^vii 2^ nm\ 40 fikllijomfl (40 and t4 meterts) in 

Aavoficiurfr Vau^Iuin. 

na 1. tJiipcr dlirfni^^ tig. In* (tide tIow* tm.ch natoinl Klxe. 
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coralw rtbtftlnwl 2S and -^0 (^Uioma 140 mid 74 maligra) Lu 

d45pttu 

FiiSL I- Mtahra Vniieiiaii* Tcwr enrfiic^e, mhiml 

2- l^pio^rii tubuHftro VaoEhiUi- General view* X 2, 
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Hawaiian Oorals Obtained Between 26 and ^ Fa™oi*3 «46 and 14 Meter?) 

IN Depth. 












Hawaiian Deep-sea Corals, 






PrjLtic 12: 

Hnurnlluu deep-sea corals; 

Fiqr i, Jo. Oonlincrra Tauiphah. Fie. 1, skle yIww ; ig- caUce; 

of tbe ^aiDe ispcclinco^ i-adi X 2: 

2,2o. f7a£frl'JiiM porfpfironfrtVMi Alcflck. Fl|!. 2, side Tlevr; flff, So» calJca 
of tlie same ap^mea, both nattimL site, 

3, Bo. vou MureaKeilrr. Fiif, side Tlew; Dj:. So^ 

calico of the same sjjecliueEi, both hACunil si«a 
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>'iGB 1 IB. Dc*mt>ph]Hliim crttiiffom Mlliw EdwanJ* vm HnUnt, Fig. 1, aide 
tIcw. natural fil»; fiJt-1*, X 2, of Uic Hiinc Bfioclmofl. 

2, 2a. ainmr^cae Vauj^nn. FIs. 2, irtdp vi»<r. iwtunil alia; 

Og. 2o. roUw. X nlMMit 2, of Uie Bam* specljiasii, 

3^!td. Car^pJljfllia nfcwW VnUfibon. Hff. ^ alUt tIcWi uvtiml fllxa; 
fljjr - 

3(1. calirti X 21A o* ^ sjicelnieii. 
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HAWAIIAN Deep-Sea Corals. 
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Deep-^m Cqhals. 
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PU^TE 14. 









Plate 14 

HnvrallDli rornliL 

ri(i!L 1,PtorwrlwlftMJT {^rdiueri Vauishnu. 1^ cftlit*; Jig- Idp sSiJe vlew^ 
of the E^'clmcf), butli X atiout 2. 

2,20. Anthcmit^kyiiia furf/tra VttugJiait. Fig. 2, c&llce; fig. butfe, of 
the Kfitoe eswctmen, IwtJi X ± 

3,241. Aa&faifrn#(t Vaaghm Fig, 3, cnUce; flg. 3tf, haaCp of 

the Mpeclnioii, both X 2. 

4441+ SHfsAiCino}ifiifSha formittwim^ Blos^ly. F!jt 4, ml Ice; 4d, baBe, 

of Etuufi q}ecJnieii, boUi X 2+ 

253 




Pwnc ta. 

1, Id, Iffl^iTjwrei AMii4iim$i§ Vnuirtidti. 1, cvrmUuiii, uattiiml 

Idv part df d tinmcli, X 4^^ af tlie same spefMmeA. 

!L J/M4/ra<'£« JL'diiqfdijKit Vam*]uiii, CprtiUum, JiuluraL stne. 

S. ^lit^fOpiairrmjfi ct7ApAel4oiifct (A1 gocIi)> part ot a comUimi oattim] 
eXx^ 
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Hawaiian Deep-Sea Coaals. 
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Plate Ifl, 

Fort JcfTertwd^ ToxiuensH FJorifliL 

Fig. A_ WhAPf. Manj' eoralB nrg growing Dm tJie i^riphemL fiLeri. 

B. The rami tiHlljTorL OdteiIa of lugooii factos Mve in tho i»«it 
O. Qutaido of the tnont wall aod tho hcud-gate^ tbo northwowt aide of £he 
forL &]Aoy cur aid were [tlanted near the .-nnU, north of tlio dm]- 
gate. 
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PtJtTi: IT. 

Ma&indnt ^i¥£^ufa (IJEinttcuflK 

The tenUeli^ arc tKULly foliitwlni; fftlxnalaUen, by a ^mAli anKiimt ot 

food. Tbe Ocore U about 1.4 naLtmal olae; 
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MaEAHORA AREOLATA <LtflNAELJ9>, ITl TEHTAELES FULLV DiSTENDED. 
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MaEANORA ARE0|>.TA ILiNNAEU9 >. with TME PDI.VPS PAitTIALLY CONTRACTTEO, 




Vum la 

Mnaindra dwfstit (LAcinaonay, 

The wmc reprewHiiiHl tiy jiljite 17» a* It npj>ejiml ilurfug the dlgeslion of 

food. The d^re la about L4 tmtural ulrci 

2iff 
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Plate 10. 

Fin Ai^uiiritEm At the Imborntory^ Torto^LA, Fltn^diL Th^ jAra on the iowi!At 
slinlf contained coml pUmulao that were being rvan?d; the Jhra on 
\h^ next higher ahel£ contained clean settwiter thnl wa* alptioncd to 
lh9 Jars below ^ the Jars on the top Bhclt contained coral colonies 
from which the planalhe tor the rearing expcrtoients were nbtatned. 

B. Apjumtns for planting comla ternK^otta dliK fS iDchei In dlani- 
eiefL to which comla w^ero nttnehed; Iron biir, the lowar end a 
cap that over the beads of tbe iron stakes| Iron stahe wUh a 
terra-cotta disc in place aa to head: D, sledge hammer, 
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A. AqU^niUM AT THE LABOfrATDIiy. TOHTUOAS. FlA. 



B. Apparatus for plahtiho Corals. 











SmitHionlui IQ'17.—Vaufhan. 


PLATE 2G, 




B. 

Live Cah m which Oof?AL9 weae Planted. 
















^umt SO-. 


Fig. A. Live cAr with term-cotta dlflca to Ita bottonL 

11+ Th* ntne live car In the wnlef after eonala hpd been planted on Its 
bottom. 


rrjmq !ll* 

Comlit rear««l tfou plnnatac. 

top nw, Povtv Jraffum (Enper), 2 yemn «>Id nnd 4 ;enr8 old, 
UtdtUc row, Favio. /rn^uM (E«pi‘r}. 1 year old diul 4 ycara oM. 
Bottom. Poritc* atrirroMcjr LnnmroV, 1 year old nod 4 your# old. 
Dituucter of tbo dl8C% 8 Jnclien. 
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PLATE 2L 






FAVUffUQIfM 



igiE, ITT. dd 


JTi'flA FTUOUV 



’9^*^ ^ pc- old 



Corals Reared prom Planulae. 




Report, 


pLATe 22- 



MAEANDRA ARCOlAtA (UNNAEUB), BhOWIHQ QfipVfTH BETWEEN IGTO ANU |9l4. 





PlLATKSa. 

Dftkwtti TTLte of ir<7r«Tiidnrt etf^fnr^ (1.1 iira(^iji^]i 1010 And 1014. 

et«f af Lbe Ut^c* 8 Jjaeb^A. 

65133*-^M 1017--IS 261 


Dlftlfl- 


PI3.TE 23, 

Growth rule of PoHti^A (tnillnal bMjtWnWi l&IO uad im-L DlnnickeF of 

tJUe diflCr S Sii£lv% 

2£I2 
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PmrE 23. 



PORITES KlHITES (PalLA$>. ShCIWINQ G^WTH PaTE ©ETW£EN 1^10 AHO |8l4. 




SniJUiirf^ntAn ff#[>Cirt4. —Vauj^hui, 


Plate 24. 



POBITES FURCATA LamARCK AND POflITES ASTHEOiDES LamaACH. SHOWtNd QHdWTH 

ftATEt 








Vzate, 1 ^ 4 . 

Growth mte of Pontox fvreattt Ijinmrck. Uic tiPr on Uie left nnd the lower specie 
njciisi on the ejitw of the tier on tluj right; nmj paritci titircohie§ Lnmorc^ 
the upper upeelAen of the rlght-htutd tier, Diuiueter of the dise, 8 Jnclie«> 
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Pl-iTic 


flniwtli mte of Jianopwa nttiriMiQ betwisea Iflll HMd lOli, Dlms' 

ott^r of the UiBc, 8 Ux-cli^ 
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PLATE 25p 



A,tm?OnK liUl^ECATA (LllflJAEUSlt SHOW NO GftOWTH RATE BETWEEH 
JSII AND JSL4. 
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PtATE 34 





Views of the Flor^ua Coral Reefs. 




























Platv Sfl. 

Ylewiii ol liic Eiluridji 

B* Two of tlie reof on Uio tiili? of Logeerlujftd Key^ Tof- 

tn^^iLS, 4 M cxDCu^ at an unusually tM& cm Jtinp ^ 1910. Tli«- 
nioEsivo^ head-IJk^' corala ore Oribi«r/to oititiilflria (KtUa aiwl 
SolAii^er); the whJn-llko aro the E^reonlaii Plcxttvm sp.; 

the redetiLatjoil, feiii-fllioiHMl coraLf lire Oorff^m fiutteUum LUmaetin. 
d A view umlersen of the reef nt Quyefort LJj^tithQiuse, from r iiletme 
eimi It obowB Ofhicella aniiulorfd bendo tod lunny w^vIhe 
S orgoDlftoo. 
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PiATK S7. 

S3cu11 Hcefp outffT barrJcrp Great Barrier Reef of Atutralta. After S^TlIle' 

KeciL 
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ShnithIonian 191^1—VAuahan, PUkTE ST- 



Skull Reee, Gkeat Bahr^er Reef of Australia. 
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Cpescent ReeFh Great Bahrier Reelf of Aijstiialia. 
















1*LATE 2S, 

« 

out*'!- burHer^ Gnwt lianliir Bi>iff of Anolrutlii, 
K^L 


Aflor 
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PUTE SO. 

Pitt. A, WiDd-betltfed alUceouff mnd. Cape U-ifiiry, VLrfltiTfli. 

B. Wlnd'bedd^^ Ludanii^ nalit-o^ QiHir Mciixon Bluffy Atuirosi Irilatiii, 

PiH.^ T^T iI| 0 !* t 
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PLAt^ 29. 



B. ^LI|D-BE|>PE[}, iNOUf^ATElO OOLITE, MOHOAN BlUI^T, BAHAMAJ, 














Plate 3Ql 


3 mtUi|(j,nl*n Pspojt. 1^1?. — Vauallin, 



Winb-Blowh Oolite. Nassau, Bahamas 





















Plate SO^ 

Wlnd^iLown oollti;!, Naswu^ IlaluinUp 

Fia A+ Hem-ml view vt nn fliiMmure ulav^ East Stn^t, 

B. A p4irL at Uio ^po&uxit an n Larger acoIcl 


2e& 




ruTE zt 

Eitliniulfin niiiiiiu* fjollto. 

Fla. A. fiurtlnci- of «. fruni Bharp llcick PtfEiit, 8vuLli AmlitH 

EutLGnil 

B. A Jlart Ct tko Rnm n miitnw ID tlimia 
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PLATt 31. 




a. 

BAHAMIAN marine OOLITE, 
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Plate at 




OCM.ITE grains ano AHAtioNiTE (Veeoleb, 







PL4 TE S2. 

1 * Thin seetiDD of an oolitic i^riiLfL fuDiii the Bahumofl^ X lOCk. 

2. Oalltc ^Ins Ed mmt from tho wrat aWo of Aiulros laEurvd^ HahumBB, X 30. 
3* Ammonite fU^k** Ui miiil from the vr^ sIiIm of Aiiikro? Isliiiid, Datmoiaa^ 
XS40. 

4. Thin mtluti of odilte j^Eiut from Great Salt Lnhai X 100. 
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Futx S3. 

ArtlflclJill^ prddanxl zonal M[kTieruUtf;ii ii| qnidimi carhatuifie^ 

Fiu.1. jiH^oectl tlM! p^j-lodlc prediilmtlcu nf cuJcEimi car- 

tKkQutc 1 )y uOdUi}; auimciniuiD cfiTf>Diid,te to 61*11 weitar^ y 
2, OUii^lr Butvenilltfn ptinJiiL'tsI udmlldj-lj to J*phcniUtG rcxtrcseLOlM b^- 
1. X TOO. 

a, Sliliorullirti fomu^l tbroiif;]i buctc^rlnl acMou <in eiilduiu mcotfili? In 
Salt Late wnter^ X Pt^pamtlDn hy IL F« KQltcmiOli. 

4. Si^H^rulltcA liud^rlullj fortiioi] in Oi^at ^It tAke X lOD. Pr^pm- 

ratlnti bjr K. Keliorutaih 
in2 
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Plate 33, 



3 J150 4 jdflij 

ArTJFICIALLV PROEHJCED 2oNAL SP^^EftULITEa Of CALCIUM CARBONATE, 
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Plate 34. 



B. 

BOHlMO FILAMEMTOUS AlAAE. 











Pr*ATK M. 

Qlnmrnitoiis nleie. — 

-■t 

Fia. L Almt niiitn«tit«t left after tlecalelfjrlan a. mrnJllle of Or^k!e4/fl cafern^o 
fJJciiAetM)^ X 100. 

%. Thlti section of a pfirt septnpi of OrWotfla tfnawfari* (Kilts iirwl Solnndcr) 
showing nJgal (UnnMnta tn place^ X lOO. 
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Flatk RJl. 

West IiHlIiin £ili«irv Uii^ n-f 

Fifl. A. Looking iHiwnnl tltrou^ |Im? m*mth Hurlwr^ Ciaba. 

Bv Looking tiDrU^nard from tlio west alitc 0i Uj& entniLict? to SAntJo^o 
Elarbor^ Caba. 

Cr IrfiokClii; towamJ the bead of Charlotte Amiillit Hnrtwrr St. Tbqmq^ 
Ldfiking frob] Itn^cr VUidgo Alaog Spoudfrr li^Fp Antlgiui+ 
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Sm^Mtioninn HftpOrt. 191?,—VaujliEn. PLATE 35» 



A. Looking Seaward Thrduqk Mdum of Sajitiago HARSORi Cuba. 



Bu Lodkiho north ward prom West Side of Entrance of Sahtjaoo 

HAR 90 R. Cuba. 



C- Look tNO Toward head of CHAPLortE Amalie HabboRi St. Thomas* 



D. Looking Seaward from Mayer Villaoe Along 

WEST INDIAN SHORE LINES OF SUBMERGENCE. 



























$mlinior»l4n R^pgrt^ t?! 7.^ PtATE 3 &. 



A. Basih above The Gorqe of the River. 



B. Up^r End of the gorge looking Toward the basin. 



c. View UPSTREAM FROM THE LowEFI End of Yuhufh Oorog. 

Vl^ws OF THE BASIN AND GORGE OF YUMURI RIVER 
MATAN2AS. CUBAh rtivtH. 
























Pw-IT M, 

Pia. A-. Hin-iimmcfl bulQ nt>in'« the ki>t^ uf Yurnuti UKvvr, Mntnnztia, Cuba, 

EL UpTcr vm\ of Yiixnuri Kurgo l<HtkEi;^; townril the 

Cp View upfltreani from the lower end of Tmuurl ^rge. tf this hnslu were 
fh^prossetl between no imit 100 feet a paueli-shaiHil Imrbor with ii 
nnrrow entrance n<>ul4 rearaJt 
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Plate 37. 


M«]«l of tbp Gulf of Mexico and tbe Curibboan Soa. ( Mndo for tbe IF, Q, Coo^ 
ouil Geodetic Survey by E. HuwrlL} 
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PLATE 37. 


MdD£L OF THE GUlF OF MEXICO ANO TWE CARlSflEAN £eA. 
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THE CORRELATION OF THE QUATERNARY DEPOSITS 
OF THE BRITISH ISLES WITH THOSE OF THE CON¬ 
TINENT OF EUROPE. 


H>’ CnjqiiJEfl E. i\ BtooKJi, M. So, F* G. Sn F. H* Sqc, 


ISTTROEiIJOTtOK. 

In any attempt to rMons^tnact dio geo^plikal anil meteorological 
contiitlons of varioitsi ulugc^ of a f<jni3er pcrioil, it is nocossary first 
to classify the various which arc referable to die (:>erif>d into 

definite stages. This preliniiiiarj is often diflicult j in the case of the 
Qua ternary deposits of the British Isle« it is esiwially diHitiult he- 
ciLuso of their great complexity. It is luird to find fixed characters 
to act as n mcar^ of correlating the various local facies one with an- 
idlter^ and lo ilirftinguish slight oscillutionia of the ice-eJgc from 
longer periods of interglacial rank. It is necessary to find some dis¬ 
trict ontsido those islands where the succe^on is sini|de and the 
amount of field work done sufficiently great to make the conclusions 
arrived at fairly certain. Such a district exisfci in the north Ger¬ 
man plain which was vi$ited only by ice from Seandinavtaj iin- 
mixed with local ice, which lay in the region of deposition of that 
ice, and w hich possesses a literature of tnily stui)endous proportions. 
In fact, it WHS only when I began to collect a bibliography of the 
subject that I rcalked tlio magnitude of the tivsk I had undertaken. 

This study of north Gennany gave me a Bcries of very definite 
glacial and interglacial horizons, which t^ould Ijc traced by ordi¬ 
nary stmt igra phi cal and paleontological methods through Holiand, 
and correlated with fair certainty with tho glacial deposits of east¬ 
ern England. But in Holland the Rhine gnivels entered into the 
scries, and could be traced through ihc Yosgea and Plateau Central 
into the river valleys of western France. Hic Rhine gravels had 
been trocx'd upstream and connected with the Alpine glacial se¬ 
quence made out by Penck and Brikkner, which Penck had extended 
to the Pyrenees, where it was connected with the graA^ds of the 
Garonne* The sequence in the Seine and Saiione is exactly similar 
to that in the Thames, and the two could bo correlated directly. In 
short, a network of cross correlations could be made between the 
vario^is dijStricts, rwlucmg the chances of error to a minmium. 
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27S ANNUAL REPOKT IXJ^HTDTIQKj IfllT, 

Fijt thessc reasons the present, paper includes the whole of northern 
Europe. Of eouree it was not pofsible to make a eoinpkte studj of 
the Quaternary literutuir. of Europe, which can not fa.U far short 
of a hundred thoiissind; papers^ etc., in metre than a dozen hin^ages. 
The working bibliography actually collected numbered several 
thou^nd ciiti'ics, but the references cited In this paper Include nio^ 
publicotjops of iDi[)ortaiice Iwaring on the subject. 

There are a few points of detail a rising in ccjnnc>ctioii with the 
correfation which may be briefly I'efcrred to. The flrsit is the color 
o£ deposits W. Crosby (1)^ found that in the tiorthem United 
States and Canada the soils are almost universally brownish or yel¬ 
lowish, but not red, cxce|>t wheie they result from the disintegro-tlua 
of a red rock. On the other hand, in the southern United States^ 
Llie red color greatly predoiuinates over browns and yellows, and in 
tho West Indies and Houtli America Uic redness of the soil h evon 
Pioi^ iiitenso imd tmiverbal;, the red bteritic aspect of soils in the 
Tmpic$ is well know in The difference h tiiotv or leas distinctly 
observabio in wll longitudes and in Ijolh Northeni and Southern 
lletnLsphere.s Tlie brow^tii yellow, juid buff colors tif northern soils 
are duo to the presence of yellow ferric hydrates like Uinonite; the 
red color of goiitheni sedl&j though usnaliy attributed to hematite, is 
probiiblj’^ niostl_v due to the ret! ferric by din to turgite. This differ¬ 
ence depends not on underlying ix>cks hi]£ on climate. Crosby con- 
linnet: 

Ferric hytlrate^ itvo wiorttiu agent of northern soUfi; la dcbytEroletl at the 
lemlK^rature iit ImlUiia wntur. nml It nruhalile thtit si [[atriial, U hoE coni- 

tilete^ lii'hjrilmrJiPa Ditiy result at luuek luwer leiu|jetTilurvs, It nnniidtoil or 
ifeolajUniU^ Eoua time in nUciWL^ 

In Oio Southern States the ml color is only superficml, extending 
to a depth of 2 to 10 feet, iind poi-ssiiig through orange and gniy to 
the rmtiiml color of the rock. Thus the redness of a soil de|icuds 
both on its age and tlie tcn^ipemturo at wdttdi it was deposited^ and in 
ibis we find ji cause uf the rial color of many very oil I bowlder clays, 
noted and used as n means of correlation by Ijovercti (2}j J* van 
Baren (3), C. fiagcl {1)^ and others in opijositinii to the prevailing 
bJue-gtay color of later Imvlder ciays+ weulherial biiown at the siir- 
fat*^ In extremely calcareous old chiys like the chalky iKiwhler day 
of East Anglia Uiis rule does not hold^ but the disintegiiition of the 
granitic rocks fonns an (sjunlly reliable index of age. Erratics of 
grant to in the chalky tx) wider clrty of Hertfordshire and Finchley 
frequently fall to a granitic sand nl a touch, though they must hare 
been sound when they wen* incorporoted in the ground moraine. 
The same state of decay has been noled in the granitic pebbles of the 


^ Mombtri la |i4rcalbtM reffr to blliaogrmpkr at cud of pi.per. 
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olde53t boTirldor diij of Eurcjpe- On Hjjicstoji^ dub^ ibo fo-vyiIs fre^ 
quently sUind up in uiarkctl relief owing to tlie satne tuiLso^ 

The erdot^ of Jluvintile and littoral :^n<ls and loaiiis which aro 
fn^qiienlly exposed to the nir during their formation, show ashnilar 
variation from red in ilic* troptcnl to yellow or brown in temperate 
regiotii>, which b attributed by Burrell (5) to the degree of oxhletion 
uudergniiD, This variation of color extends into tlii!! poLir regions, 
wben^ the prei'niling tint is gnxy\ owing to the scarcilj^ of organio 
iron coloring matter nii well as tJie flight degree of oxidation* Tho 
dctritnl deposits such ns *^lieaiP^ and the granitic loam of Jltdlybe- 
Ingli in Ireland show also a prevailing gray tint. Acconlingly, a 
gray deposit without fo^iU is of itH?lf strong evidence for a seven? 
climate during its formaiioii| wlien ftjssils do occur in sucli a gray 
deposit, as in (he gray sands of TTlster and the gray alts of the Isle 
nf Mall, they are generally of arctic types. 

The rehitioiis of the cotirseness of fluviatile deposits and the grade 
of rivers have also been worked out by Jp Rarrell (Ji), An arid 
climate tends to increai^e the ratio of coarse to fine material and the 
freshness of the fine even where the hind relief leads to vigorous 
erosion^ A docrease in the temperature acts very strongly in tho 
siinie direction as arldily* by wcalEeniiig the power of vegetation to 
produce docity but prevent crt^-ion, and by incrcn,tmg tlie amount 
of frost action* Increased snow-fall, liowever, works in die opposite 
direction by protecting tho surface from denudation and producing 
trajispoilution. For th<!Se reasons w'axing glacial condirionif ara 
normally H.ssociated with terrace formation in the neighboring river 
valleyi^; waning glacial conditions with erosion* 

On the seuw^nrd ends of great rivers the question is further com¬ 
plicated by oi^cillatinns of the relative level of land and sen. Tho 
terraces here are sometimes attributed to one cause, sometimes to 
tile other; probibly in most, cases both acted together, for the temicc- 
biiiktiiig effect of waxing glaciation seems usually to have been pro¬ 
longed into the W'aning period of glaciation by an isostatic deprvs- 
idon due to the weight uf the icCj as in tlie Cf/ptliui cluys and Holder- 
ness marine bnls terminating the first glacial period, the 100-foot 
beueli terminating Uio second, and the Y£>ld^a clays terminating tho 
third* “Ihc possibility of terrace^forming in a warm cllmato^ how¬ 
ever, nuikc^ further criteria necessary, such as large blocks* northern 
organisnisa* or passage into a moraine- 

Marine terraces on rocky coasts seem only to he formed w}jen tlia 
relative level of the land and sea remnins unchanged for a consider¬ 
able time. When the levels are varj'ing rapidJy, noticeable niised 
beaches are not nfieeasarily developed* Thifl suggests a renson for a 
rather puzKling fact which will be noticed in the descriptions of 
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Engkod iiud Ireland, namely, that a raised beach of a de8nU« 
aftflr extending fairly continumiRly at a nearly umform height far 
perbafna a hundml mika, dUappenrs abruptly even on a coast suit¬ 
able for its pn^servation. The breaker parts of the crust ’where moat 
of the bending occurs are likely to prove most unstable, so that on 
them the sea rarely stays long in one position, and raised beaches are 
not developctL 

I do not propewo to enter into a discussion of the value of plants 
and animals as climatic giiiigcs or for correlation. Suffice it that as 
thoir present distribution is trndoubtedly governed principally by 
climate, either present or not long past, so must their former dis¬ 
tribution, The use I liaTO mado of them for coTTclatSon is seen in 
tho individual cases; only the facies is employed save where a species 
is definitely chanicteristic of a certain borioon, such as Ct^bicufa 
ftinufUjUi and P^iltitlhia ifilitvhtKi in the older interglacial. The 
**Chellean fauna," cliamcteri/ed by tho coexistence of E^fphm antu 
and E, prfiuif/cnfw*, with /f/ppojpotamus major and other large 
Qiiatematy mammals, is n ven- useful facies for correlation. 

A means of correlation which proved somewhat disappointing 
’tvfls tho sequence of archeological stages. The Aeheulian horizon 
fsjiecialiy seems to be vague, for it overlaps or grades Into the 
Chellcan on the one hand and tho hfonsterian on the other, and it 
appears to occur holh before and after the second glaciation of Eng¬ 
land and north Gernmny, In general, tlio relations of the stages 
appear to bo as follows; 

Cold iieHtnl t Pr^-Cliclteafi^ 

Wjirni 

Chul laiL 

pcrSfuJi AcbiiiuMjs tib-AiuDsterlaiL 
Warm period: 

I AurEfpLudAJL 
CoM perbdT SfilnlnMirt, 

This 13 on thfl se<jiience of fatuiiLS a^isoeiat^d with the implo- 
inciita difiicrihc'd by many anthoTu 

1 THE NORTH GERilAN mJilN IN THE OI^CSIAL PERtOO. 

Tho whole of the evidence os to tho .succession of stages in tho 
north (ierman jihiin was sumrimrisied in 11)13 by C- Gagd (0), who 
finds undoubted proof of a plurality of glaciations. His chief lines 
of eTidcnce ah; r 

1, The occtiiTPnco in many places of beds of ground moraine, eep- 
arated by extensive auvio-giaciftl deposits and connected with others 
which arc grouped Into terraces of very different heights above the 
present streams, between the formation of these different terraces 
very deep and energetic erosion is demonstrable. 
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S, The viirloLLij uiorumcfi iiml Quvio-glucinl Ujrmcc^s dhter extruor- 
dinftrily both m their morphological form and in the depth to 
wldch they are weathered, vary mg from quite fresh monvincs with 
nnohered surface forms and a very slight decree of weatheriTig, aso- 
ciated with equally slightly weathered fluvio^gkcial gravels, tij old 
^'senile-’ mdmines^ wiUi forms so stroiigly denuded as often fo tw 
unrectignizahle^ associated with very deep-going am] gene rally in¬ 
tense iveothering, belli in the morainea and in the gravels. 

3. Between the various groups of moraines fmd iluvio-glaciat 5 ^ 1 i- 
ftieritfi are often foiind extra-glacial deposits mntiunmg remains of 
warmth-loving faunas aud ilora^ whidi according to our present ux- 
jKjrienw can not have lived at the edge of a continentul ice sheet- 

,As an example he compares the very worn inorajnes of Schl^wdg- 
ITolstein, the Elbe Valley, and Silvia, weathered to a depth of li>, 
12, mid even ^0 meters, wilh the i^>ugh„ fresh loukiiig iiioi-aines of 
the Baltic Hohenrucken, weathcml to a depth of only l.li3 to IJ5 
meters. The former are dt^^ply weathered, even where tliey pass 
under the latter,, and are often isparatetl fi-om them by deposits in- 
flicuting a temperate climate^ Giigel i*eniurks that it is diSicuit to 
c-scape from the conclusion that the weadierijig of the one, lU to 
titties as deep as tlia otJior^ uiiist hove requiml 10 to 20 times as 
lung. After a critical examination of all the interglacial deposits 
known to him^ being 2S marine and 114 lacustrine intiirglacial iJe- 
[Kisits and 4a zones of weiithering^ he finds them all referable to tw'o 
important characteristic horizon^, which are .shown at seven pkeea 
hy direct snisHir posit ion in the Siimo section and at five pkcci^ by un¬ 
doubted slratigiaphieLd correlation in closely neighboring sections- 
In the younger horizon the marine deiKisiLs always underlie the 
kcusirine, in the older horizon tliey overlie them, indicating a con- 
sldernble sinking of the land m the middle glncial i>eriotL Gagcl 
has therefore no liesitation in adopting I he hypfitlu^sis of a threefold 
glaciation of Germany by ice from the north* Of these the olde^ 
wos the most extensive and Iho Tonngest thr leant so, and he corre¬ 
lates them w'ith tlie Alindel, Kiss, atul Wunu ghicialiom* of tho Alpg^ 
ITo finds TiE> equivalent of the GTinziiin ghicintion, and in the terraces 
corresponding to the first interglacial of 1 he Alps them U no nurthcru 
material- 

The type sectiorm of this series are those near Berlin, at Kixdorf, 
and rhoeben. The section at Ei.xdorf is i±s follows: 

5. TTpiwr bawlrlt'r rlny. 

4. Thick {iUaTluJ eanOfi^, 

3. Boil of coans4? (travL-l with rcTnalasof naymimlik 

Z. AiMTUIe bowJMer clu^'. 

J- I'alaUlati with i\ tfiluridhd. 
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The niamnDil mtiuins Etre ao iiuuici'ous uikI eo well reserveJ ibsit 
they can not have been Irunsported far. They cf)nsist of EUpha* 
pmni^enwt (abundant). E, trotjonihsT^, E, ant-U^tiUH (onn tooth), 
Ithin 0 eer€>s tichorhinus (abundant), lih. Merckii (one tooth), Etut 
pTimi^emw^ lii&ftn prisem^ Equv^ rabaU\i«, Cenvtt nice*, €, daphuti, 
C. mepccrm^Iianffifer yr&enlandk'Uli:^ OvUtos ituncJuUMSf Canis lupw^ 
T 7 TM, ptc.—a to[nj[>enitc fiiutia with n few high-noftliern cTcnicnta. 

A number «f boring in tbo ndghWhiHxJ show, on the aanic strati- 
{rniphicttl level and nearly on the saiiic absolute level as the iCixdorf 
horizon, lietween two l>owlder cloys, jiosit beds with grasses and pine 
remains. Further, the corresponding interglacial of Phooben and the 
considemblo intorglncial weathered iwne of Glindow Iwlong strati- 
graplik-ally^ to the same horizon uini contain a cliiTcieut PalinUfta 
{P, Du^aktiko) to the true P, d^utiutnui^ which was found at Kis- 
dorf nbotit 50 meters ileeper. 

The lower interglacLal with P. dUmHan/i ia very ricli in atolliLscA, 
including PUhpnia icutoc^tlaia and Prememut, Often it Lt an 
almost pure shell bed, frnm 2 to 20 meters thiek. lying with great 
rrg^arity^at <J to 10 mctcni. It is an old sen Hour with ubiuKliuiee 
of life itnllcaling faromble conditions. 

Very numerous borings round Bei lin leave not llna slightest doubt 
as to the succession—the /*, dtlumam bod lies iilways under a ihlvk 
liowlder clay which is overlain by a second interglacial, the Risdorf 
horizon, and very often it lies a.boi’e a still deeper bowlder day. 

The next section descrilH>d is that of Plioeben, west of Potisdum, 
where the younger intergbciul is fntmd h-twccn bowlder idnys ns o 
sandy peat with a mammalinu and nioUuscan jfutina, tha 1 alter indud- 
ing P. PuJichtcin/r^ Pl/tnariin (tPtvjty and Belffreiindift, Below the 
bowlder day untlerlying this bed linve burn found in Ixirings the 
lower Palwltna lieti with /*, difuvlarut and temperate piiints, and be¬ 
low this again still older Imivlder dav. 

A similar succession is seen at severel points in Sddeswig-Holetem. 
K^ially SuderstaiM*!. Hfinilmrg, and Laiienburg. The succession tit 
Siidcrgtapel is important because under ijowider dav, wcatliered to a 
depth of 10 meters and llius older, la a siidl Ited with “great miind 
njuBsds,^ probably the Kem l.i«l (7'ajtei fmrt iit Tliis is 

underlain by the black Laueiilnirg day, a jiersiatciit horizon overly¬ 
ing the oldest iKHvldcr day of Sehleawlg and Holland. The upper 
part of the section is formed by peat with temperate plants overlain 
by fresh Iwwldcr clay. 

In Haniiovi^ is the fanmnssection of Luneburg^ witJi « voluminous 
literature of its own, which is now gcncrnlly considered to show 
three glacial horirxirLs separated by interglacial depfisils. 

This important paper of C. Gagel’s has since been conarmed and 
extended by a survey by II. Menzd (7) of all the importaijt occur- 
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rencos of luntl it ml freisli-iviitcr ^lolUiiu^a in gliiirial iind interglacial 
lioristona in Oennany. Hi* 1 intis tliiit thr vanmis molliiscati faiiniL^ 
of older Quati^riiiiry age can be diTidtd into cokUlov^ing and wunuib- 
Irnnng groups, whose distribution show?: tlinl even m tho cm glaciated 
region of southern Genminy an arctic climate prevailed during tbo 
glacial f>erioda. In north Germiiny the glacial faunas arc found 
ehiell 3 " in gftii cla. in south Germany in loess and sand loes& Truo 
interglacial MoHnsca occur on two homona of difTeirnt age, sepa- 
nitetl by glacial dcpositsL The older one is charaLteriKi^i] h_v l\ dilu- 
viima^ Biihifnm teTtfactilal^ and pot^m^rp?uij the 

younger by P. Duhmi^cu, BdffF^dk^ and Pl4in<;Frhk 

In "R Pnissia the lower interglacial age of the marine P/irdiuTi^ 

and elan's and Eem beds is confirmed bj' the occurrence in 

them of Dveh^tfnmu pah/m&t^pA/f and fK In Pi>spn P. dlhi^ 

ban In^n found in inlerglnciii! deposits assoeialetl with Catdyi^ 
etdu fiuminalis^ and these two havo also been found associated near 
Ode.«53ft and ns derived fossils in the middle bowlder clay of East 

Pruifisis, 

A. F*enclf (3) wna tlie first geologist to bring forward evidence in 
support (jf a threefoiii glacintluu of Ihe ilislHct 8inco ISfiO a luini- 
ber of Qthei’ more or Ic^ successful attempts nb dm^iticaticio bitve 
been made, tho net resridt of which h very much in favor of Gagel s 
classification into threo glacial and two interglacial boris^ns (0)» 

CfL.^tUAr. sucri>«io?f in the luvra vAixiri'a, 

DetaiJeil con^ileration of the glacial succeasion in the %-alIeys of 
tho north flowing rivers south of ikrrlin is not luT'essnrv, ni> the 
comlitiona ore e.ssentially similnr to those of the Alpo, 

The depc^its of tlie Weser Valley, studied by O. (impo (10) and 
Si^rt (11) j ma 3 % however, be considered tiere, as they dilfer oon- 
Kiderably^ and the ditferences Llhi:Htnite the scheme o-f r1a^ilicatiou» 
Ac^rding to Cirui>ej I lie valley of the Weser originated in midillo 
miocene, and was cut to a depth of at least 25 meters IhjIow the 
present level of the river. The pnxvtiB of erosinn loft ()ld I^liocene 
gravels at a heiglu of 120 to 100 nietci^ al>ove valley level- In late 
^ lintcs the valley was pn Hi ally filled hy I’lays and sands cnii- 

t^uining £irrerfien^?s and M. Ikdonging to the 

Quaternary thei'o are fhiw gravel Lerraces—uppe^r-, middle, and 
lower, Tho upper terrace inbenJigitates lo ilio north with dejiosita 
of tho first glacial period on the Porta River, and is accordingiy eoa- 
^mjxiraneous witli this periodic This was tlw maxhtium glaciation 
in the dlstricl and, comesiMiinlingly, the upiwr trirace rearlusj the 
grvat thickness of fit) to 70 meten] at IlauuiUu The lower part of the 
jnifldle terrace includes at Nachtigallj fietit with Cori/Jua avilluna^ 


284 AXStTAI. BEPOBT SlflTHSOyiA S ISSTMTUTION, ISll, 

aud alsrj coittuiii« ti faiiaa of largt diluvial tuauimals {Sog prtmi- 
ffcnJuSy Ce7^>us eiiiphMiy Kguu-g cait^tus, I^Jtphas primi^eniuSy lihitko- 
rer 08 tichfttkinugy Ovihag mogc}ushiti) ’which is very similar to the 
fauna of the Itixdorf boriKon in the l^rlin region, and appeal^ to l»e 
of the same age. Tho lower part of this temice is thus evidently 
interglacial, but tho tipper part contains a molluscan faimu which, 
ticco^ing to Meiize], is of Arctic typo, and thus represl^nts tho siw> 
rcodiJig glacial period, and Gnipe finds that this terrace intcnligi- 
lates to the north with njoraino formations of the second ice «]iwt 
nt Hamdit, The third ioc shoot did not extend into tho region of 
the upper Weser Valley dealt with ijy Gnii«, but aa 8tollcr found 
tiiat in tho lower Weser Valley the lower torraco (up to 5 meters) 
was depositwl during tlio gkcialion by this ice dicet, and derived 
part of its uioterials from Sts momineit, Grape considers that the 
lower terrace on the Weser ut llanioln also oorre&iKinds to the third 
glacial jic^iotl, tlioiigh a peat layer at its base shows that tho foniiu- 
tioii of this terratTO also commenced during the jireccfling inhirglaciai 
perificU 

Siegert*8 conclusions are ijuite differenl, J Ic was unable to con¬ 
firm the csisteiiw of a high terrace TO meters thick, but found insteatl 
a much thinner temee with northern matorial, overlain frain Ilameln 
dowiwtream by a thick series of banded clays, marl sands, ground 
moraine and end moraines of the second gbiriaiion. Older than the 
high terrace are remains of the glacial formations of the first glachi- 
tiou of the district, and still older, higiicr l\’GSCr terraces of lo«il 
materials only. The IVescr “high terrace” thus dates from tlie first 
iritcrglacial period, and fJrupo was in error in stating that it inter- 
digitatos ’with the momines of tho first glacial period. 

Tlic lower part, of the middle terrace, with its temperate fauna and 
floni, thus corrc!S]M>ni]s, not with the fln;t interglacial, hut with tho 
S(;cond, and the upper part, with the arctic mollusca, with tho thittl 
glacial £)eriod. riic low terruooj Siegort therefore places in the post¬ 
glacial pcrifMl, 

In deciding la?tween these conflicting ago determinations, it seems 
safe to place the mammnl deposit in the lower part of the inirldle 
terrace on the same Lorimn as the iRjxdorf mammal bed of Berlin 
l. 0 ., in tile second intergiocial. which confirms Siegert s view of the 
age of the high and middlo terraces, On the either hand, there h no 
reason to reject Ktollor's wndiisioti that the low terrace of the IVesor 
west of Luneburg also belongs to the third glacial though to the con¬ 
cluding stages of it This refera both middle and low letraces to 
the thml giacml, separated by a period of erosion ami improved 
dmiatc comratmiiding lo the Baltic interstadial. to be descriteJ later, 
his seems legitimate, for a climate allowing the growth of small 
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tree^i in th^ south Baltic regions would oertaml_v allow Lht? forma- 
lion of poat sonlhoast of Bniuswidc* 

The latter view is supports! by the mode of occurrence of the loess 
referred to later. It is sufficient to mnark here Umt in tlic south 
llaltie region loess ceeurs on the outer moraines of the last glacia¬ 
tion^ preceding the Baltic interstadiah hut not on the inner moralneSt 
succeeding Uiat interstadiaL Correspondingly, in the upper Weser 
Valley, loess, weathered to a depth of 2 to 4 meters, occurs on the 
higher nnd middle terraces, but not on the lower terrace. For this 
reason Grope places it in the last interglaciaL and 8 icgt?rt in the late 
glacial period, while its true jKisitionj aa in tlie Baltic, would seem 
to be interstfidial. IVe may therefore summarize the conditions in 
the Valley as follows: 

PrwtutnrlnJ: AriD:vlam, 

TliSrU perl<QO± Poat^InteriLadlab Jnwi*r ipinico. IiUerfitiiLllatt 

Itcss; juait at twiso of terrne& at I*rt>SHterBtnOlaJ, latikUe 

terrarc, urper part 

IntcnUDclal; t^w#>r part af terrace^ Pc^t, etc, of Kncti- 

tljinlj Willi CorpWM irnnimal faund of ha^e of jfrovelff. 

Seecrni] i^aelal: HaiiEled; clajB> nmrl aaihia, njoraliie and ontl mo- 

rninea from Hjiiaala ilownjfltrvunL Upi-toe \\^n of Wi^aer IiJgh terrace^ 

Ffrat IntQrfTtaclatl tower part of Weeef Jilgb lemtce with northeni 
matorliiL 

First j^hiciitl: Ttc^aiulns of aIacIjiL farauitlnn? older thttu Lt^h lermee, 

PreglacLal Pliocene; WeBcr higher teiracea, forniGU of lucid ma- 
terluld. 

THE BMmC ISTEltSTAniAL- 

Tlio end moraine;; known as the Baltic HohMiriickcn Imvo been, os 
by the lato J* OciJcje, referred to u fourth glueintion, but hitherto 
all attempt;} to find dopo^fit^ referable to the corresponding inter¬ 
glacial have failed. Fosailifcruiut deposits intercalated in the upper 
bowlder clay are known, and are fairly coinuion in East PriiBsia, but 
the fauna and fiora am in ercry csiso of an arctic or subarctic typo, 
such as could well liave lived in close proximity to the ice margim 
These fossiliferous depo$<iis were investig;de<] by E. llarbort in 
1010 ( 12 ), the ^rollusea and plants being descrilwl by H. Ateiixel and 
»F. Stollcr. *1 lie fauna indicutes arctic ’* but not ** polar conditiiHis, 
all the species extending south into the tme aone; the plants indicate 
a July temperuture of at least 10 “ C, aiitl a vegetation periml of 
three to four months with a tciuiMuaturc of a to tJ“ C. Flarboi-t con- 
wdors the tiscillations to liavc been slow and irregular, ice free periods 
lasting sometimes for decades and possibly centuries before the peat 
deposits and anuill trees were buried by a readvance. 

Similarly no inteigbcial can be proved older ibtin that with 
Pfihitlifia dUuifia/ui and '/’apet aurcug nor do the older 

river terruces which should correspond with this intergluciul bear 
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northerfi intiterlat. Ziiche (13) remarked that ittiiDng the Tertinty 
Kiindti in BraudeDLiiFg a to buwlJeis and sands of DortUorri ntaterial 
in n few plaiics, possibly representing a still older glaciation, but so 
fur as 1 uiLi aware diis is unconSnned. 

AIK'IIEOLOOICA!* rERIOnS. 

llio corrulatioii of lliesc llireo glacial ijcriods witii the jircboo-* 
logicid stapes is stit! sojiiewhat uncertain. In lOlO 1?. R. Sf'hmiilt 
(14) placed the Am-ignaeian stage in tlio postglacial period, and in 
lt*13 tho sttma author (16), with the assistance of E. Kokeu and 
A. Schliz. Jiiudc an eialniruto attempt to correinto the diliu'iul atiigvs 
with lIhj oreheological scftitoiico mainly on the busiii of cave exploiti- 
tiona in Swabia (southwest Rermany). Tie finds thut the Moiis* 
teriun, Aurignneinn, Solmivaii, Alngxlelenian, anil Azilian-TanJeno- 
ihinn stiigES follow inunefliately one iiixm tmother, with no break 
or hiatus; (he accompanying diluvial fauna show's that below tbn 
Jlunstcrian and at tlm ioigllining of the MagdaIctiian are two bods 
with hlgh-aretio rodents, iodicuting two detepiunitlojis of climate, 
lie considors that there is no room for an ititcrglacini Iw'ttvcori (iiese 
(wo (irctic bwls, so that the Mousterian belongs to (lie miixinitiin of 
the Wiinii glacial period, and the MagilaU-nian to (he lirihlstadiuiii. 
Hagcl, however (review* In (Tcolngipchcs Central hi atl, vol. 'JU, p[i. 4!0- 
-ISl), )H>int.s out that this correlation is invalidated by the erroneous 
age ileterminatiohs of some Iwds in the north ficrmBn diluvium, e. g., 
an interglacial IksI aL Mqrkleobcrg, near Leipzig, aiscribeJ to tlie last 
interglaciiil period, undoubtedly belonp^ to the tii'st. This error w-us 
also poiiitwi out by F. TTlcgcrs in 1013 (lO), w!io founil Mousleriim 
iniplctncnts in u calcareous tufa at Ehriugsdorf, associated with 
Elephttf! nnfiqjRti and a wann Fnnna, and there fore mtcrghicial. 

Ccngcl describes (17) from a bowlder sand in West nolstein flint 
iinplenicnts apparently of early neolithic type (as, scraper, thin, 
long knife, etc.). The implements ure m situ 40 to GO centimeters 
deep in bowlder sand lying on npper bowlder day at Micliaerisdonn; 
all hough they lie among well-rolled iwbbles tlicy luu fiuite sharp 
angled. If the ago determination is correct, it carries the neolithic 
[leriod bark into (he !nsf gincini period. 

In iniH ( 13 ) Gngel also suiiunarized (he facts which throw light 
on the jiosition of the paleolithic stages in the glacial siuiitencc. Prac¬ 
tically llic Only definite horiiton is that given by the very character¬ 
istic knives of tho L^vullois stagn in the younger Acheulian, which 
have been found in association wHtb interglaciHl dr[iflsits at lliindis- 
bnrg near Neuhnldensreben, uortliwefl* of Magdeburg, in .Saxony (by 
■n'iepors) and near T.eipzig. At nundidmrg the itupkment bed coii- 
tains also un interglacial fauna of snails, mussels, and great diluviaT 
manmjala. Above this lies a bowlder clay covered hv an Imiwrtant 
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bpd inclicating- energetic eroGion and deamlation^ above tliJB 
Um a Idrss bc^l which ivo consider as the fflolian equivalent of 
the last glaciation, 30 that the bowlder daj" lying discordantly be¬ 
neath it iiiusti belong to the middle glaciation aud the implement- 
iferonslwd nndcrlj ing the Imwldcr day to the first interglaciaL 

Xeor Leipstig, in u rt»gion to which the lost glaciation did not reocht 
there have poccntly been foimd nnineroos paleolithic implements, in¬ 
cluding the clwinictcristic Levalloia knife* in sand and gravel beils 
associatixl with mamtiiriliiin remains. These betls are overlain by 
typical bowlder clay, whicli, os this district is certainly outside the 
limits of the Inst glaciation, can only be ^he moraine of llie iniddlo 
giocintion. so tlmt tlio implements must oome from the first Inteo 
glacial of north Germariy. 

In 1012 the some conduslons were reached by J. BiiTtling (IS) 
from 6nds of implements in Westphalia. In addition to those pek 
ferret! to by Gag^l and aii^ady quotedj he inentions that IVicgers 
found 11 well-shaped artifact classed ns MousteHan m tlic lower 
beds of the Inst, interglacial in the Khein-Herne Canal; the eonditlona 
of ita deposition point to its being in shm. 

If now we correct Schmidt’s scheme of correlation in accordance 
with these age determlniitions, wq find tliiU fhe lowcrmof^t of his 
arctic rodent lieds, nndcriying the Ifoustcrian, represents the middlo 
glaciatjrm of north Oermanythe upper rtKlpnt bed and consecpicntiy 
the beginning of the Magdaicnian period, then fall in the maximum 
of ihe ]mi gkeintion and nnt in the Brihlstadiiim. This has the 
merit of ngreemg with the con'clation which Penck and Pnickner 
worked out for the Alpine region^ 

sc^iJiAttr, 

Zm/Ttr rfWy.—Very deeply weathered. Tec reached it^ 

muxlmum extent- at lea??t in the west and southwest nnd poFisiblv 
01 er the whole area. Higher (“chief’’) terrace of the riA’crs. 

Eem beds* Bwls with Palu^ 
flimf. Carbieui^ f umihuiih^ Bithyn^ Adieu- 

lian culture, 

MiddU eSfiy,—Weathered to a depth of 10 to 12 meters- 

This ghiciution may have overst eppL^d tlic Ihnils of the preceding unei 
at a few points, Afiddle terrace of the rivem Arousterhin ctHture. 

^ec&Tuf —f'or&irwia Dub&Mwnjj^ Eixdorf horizon. 

Mousterian mil hire. 

f/pprr cbifh — IVeathen*d to a depth of only 1 to 3 tnoters, 

Thi,s glaciation nowhere ovcrstepi)ed tbe limits of the preceding 
one, but was of considerably less extent, ^ragdalenian culture. 
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H/tUtc Arctic uml^lpc And £t*es]i-wu.ter deports of 

East and Prussia- 

Moraiiitg of tli€ PaUic IIcfli^iirucbcD, 


2. THE LOWHR rtm^i; YALLIvT ASIX HOLLAND. 

Tlie btjst basis for eorrclating the frlaciiil beils of Holland with 
those of north Gcnnaiiy is given by tiie Kem so no, which in north¬ 
west Gonnsiiy hiia bwn Hhowo to full in the interglncinl Ewtween the 
J 01101 * aiul middle bowlder c1a3’s. The same bed bos bxien described 
from boniigs st & few points in Holland, and its relations witli the 
other inembet's of the Quutcmnri' series made out, 

Tlte Eem Kone was found hy Duhois in borings in lIMJS nnderlnin 
by Utwldor elay representing the timxinuim glaciation of Hollatsii ; 
tills was coo^med by Lorifi (19) in lOOS and laOtJ. 

In the region north of the Rhine, and south and east of the Znyder 
Zee, inveatigntioiDS have been carriwl out by J, van Rareti (30), Two 
bowlder clays were fonnd, an tipper gray bowlder clay and a lower 
red, sandy bowlder clay of a Interitic iisiJecL The rtid color of the 
latter was shown by G. Leopold (21) to bo due to intense weathering j 
tlw giiiy clay is much fresher. The red clay occurs over the whole of 
the region of Velnwc west of the Tsse! River and k folded into the 
Kndcrljifig^ Tertiary bed^. hut tlio ^raiy i?]ay occupies tuilv the proV' 
inces of Groningen, Drenthe, and Friesland, and nowhere extends 
west of the Yssei; it is not folded. As early as im its limits were 
tra^ by Penck (22) through Gaasterland, Stecnwijk. and Eijibli- 
cheun to the Vocht. During the interglacial pi‘ri(Kl Iwtwcen tlio accu- 
mulution of th^ two glacial days, were formed, first peat beds and 
later, the Eem beds. 

A similar fniccession was found liy Van Calker (23) in Groningen, 
where a fossilifenins marine sand 1.') meters thick, with taint mid 
gneial scraU-hctl bowlders, orciirrcd Ictwwn two Iki wider sand Iveds 
Both Van Baren ami Van Calker found the lower Imwhler clay to 
contain Scandinavian entities mid the upper bowlder clay Baltic and 
even Finnish ormfrcF. 

In the province of Geldcr, Ixiric found the following succession in 
borings: 

I- "MlfilDhjTprnncI," wmi wljii wasioriAr samn bwldcni, 
a Peat kalictliifi m, clcvmlon of about » laetoits the prweiit. 

I'OOR* BbDllj wa. 1 . trrnied by truntos - E,.n, ayi^tvai." 

da't^I ^ ® Atortwlim. 

nhtne Ninib niul Bmvels, IM m^tern tblct. 

1 . 


Fr^ thesp and descriptions it Is evident (hut the wenth- 

we w er clay below tlie Eem muc, reprosencing the maiimuui 
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extent of the ice in HoUand^ is the eciuivitleot of tiie lower glarial or 
first ghiciatioD^ of the north Germnn plain; the gray clay ovcflying 
the Item bed \s ihm the repix'sentativc of the middle glacialt or 
second glticintidii^ while the ice of the upper gkcial or third glacia¬ 
tion does not appear to have reached Holland* 

F\ Seliucht {24) considers that thu r4i«ehhtjrg tiny forms a gotnl 
horiKon for the dorrelnttoti of the (ii?nnaii and Dutch Quaternary, 
At various points in the Elbe valley and north townrd Holstein the 
oldest ghkciEil depcisits am covered by sand, [jassing up into a thieh, 
hlaek clnVj which lie regtirds aa a prfwluct of ioe meltingp Above ibis 
comes the Eem zone and the middle glacial. The fjfliienbiirg clay 
enn lie. traced into FriesUncK where it oceiipies the i^anic position be¬ 
tween two bowlder cluya It hel|is to con^ju the iJiferences drawn 
from the posittoii of the Eeui lieds. 

RISL.^TT0^8 TO HUINPh TEaiL\CZSH 

The relations of these two bowlder days to the Bhine terraces 
must now be worked oiit; they will be of considerable importance 
later in correlatifig the Feiinoscandian mid ^Upine gbiclatjons. The 
study of this question is in>t facilitated by the awkwurd nomendatnro 
given to the fihine terraces by the German geologists. The best 
clafisiiication appeai-s to be the fourfold one adopted by Flicgd (S5). 

L Oklcst Quaternary prnvriH, formTotf the liijftwst terrace* (somettmes? 

two ar three J moro tJian 100 im^rcrs ntwve tJte |Tre*ciit Hhine UM, 

2, Chief itrmce:^ smiiet lines tcnaetl ^ hlali terrace." psfierlally hy l>utch 
peaieifJHtM, hut Ualier ihuitp nml to be curafaili' ilLAtiafutalH^ fpora 
thi‘ “ lUnh lerruce a* iJeaai?tl hy iittelniiiiiuii^ 

SL MliliOe terrace. tucSuOiii^? tlie tcrrtKce ur lucracea the dileC 

terrace anU rhe hiw terrace* Stelnaiaiiii'a high tetrace '* la la- 
diRJcd uDionir tliese, KUeoel crKuatiilefe U la have a ptireiy local 
value. Thifl Sadii^lve term ^‘mlUUle terrace" secois most satt&- 
ffletor^v SB heiuE^ IcHist hkely tn lead to caafin^lon. 

4. Ixiw terruea. B tu ^ tuolers above the Rhine IknL 

In the Bhine gorge near Coblcntii the oldest gravels lie at a higher 
level than the chb'I terrace^ but farther north they deseend to the 
satiio love! and am overlain hy tliem^ In the same way the continu¬ 
ation of tlio high terrace is overlain by ^nAs which upslrcatn pass 
into the low temaco; the middle terrace, however, seems to die out. 

The Bhine termees lictween Bonn and the sea were etiidied in 
great detail by J, Ijorie (2<V)* IVe are only concerned Iwr^ with 
those on the right hank, which he descriliea as folhiws; 

The chief terrace ia not the oldest, luit ^hove at llonn, Pohllg 
discovered in 1883 an olilcr gravel, lying at 210 to 2IS meters above 
sea level; it la very much broken up, and can not be traced south of 
the Brohl Valley or north of the Abr Valley. Near Brohl it lies at 
2Gy to 270 meters* 
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Th« chief tuirnce on the right bunk of the Eliine lies nt intgulur 
lieights^biittbe nortnul highest poLnli; rise upstream as follows; Ding- 
tkn, fyi meters; Wesel, *0 meters (op met el's above the Rhine); 
Ifottruji, 81,5 meters (60 meters alwvc); Duisliurg, 05 maters ("S 
motels); Diisiiciaorf, 120 meters (00 meters); ICenlen, 144 meters 
(10(1 meters); Honn, 183 metm (136 meters ahnve the Rhine). 

Tile bronilth of tlie high terrace varies from 3.5 to 15 kilometers; 
its western etlp? is alwa^’s easy to follow ii^ a clear sIoim;, but rarely 
ns a deimitc cliff, except near Diisiiclclorf, 

Tlie middle terrace lies with its upper surface at Sieg at 50 meters 
iititl at Ohercassel, above Ronn, at 62 iiietcrs. 

The low terrace lies at Dingden at 30 meters, at i^terkriide at 31 
meters, at Duisberg at 33 meters, at DGsscldorf at 40 meters, and at 
Bonn at 52 meters. 

As a result of his studies of Imrings Lori4 foimJ evidence of nu¬ 
merous changes of the channel of the stream, and of a considerahle 
sinking of the door. 

Tlie moraine of the mastmum glaciation (lower diluviiini of north 
(lerroany) crosses the Kliine I'tillcy only between fJrcfeld and 
N'ijWhgen; here it underlies the gravels of the chief terraco (25,20), 
hilt overlies and disturbs gnivels of an old delta of the Rhine and' 
Mouse (Van Barcii, 11)08). Farther north tin* gravels of the chief 
terrace nn- mlswl with marine shells as well its with northern bowl¬ 
ders, indicating that ai this point they are of fluvio-mnrinc origin. 
From thLs it ftillows that the chief terrace falls in the Ecin inter- 
glacial, klweeti the lower and middle glanin! of tSerniany, as well 
as at tlie oonetnsion of the preceding or low'er glacial. 

The ef|invaleiit of the middle glacial, the giny eky of the region 
east of the Yssel, reds on and disturbs the terrace oii the cast biink 
of this river corresponding to the chief terra™ of ihe Rhine (20); 
similarly the middle glacial rests on and tlisLtirbs the chief terrace 
of tho Rhine north of frcfeld, forming terminal moraines which 
indicate tho limit of tho ice (25), 

IrVhen the chief terrace and the higlirr upper terraces nro tmeed 
nortliwawi through nollamt, they converge and deseond below sea 
level, iio tliai they Ho in tho same vertical sequence, und tlie chief 
torrnce, being the younger, overlies the efjuivuletit of Uie upper 
terraces. Iletw™ii the two occur clnycy beds and pent witb a Icm- 
piwate fituua and flora, well known under the tomi “ Tcgclen fitjige ” 
firet described by E. Buliois (2T) at Tegelen on the Meune bk nn 
intcrglucial foruiatkin overlain by fliivio-ghtcial graveln (xjrrejqxind- 
ing to the chief terraca of the Riiiiic and iimlerlain by still older 
fitiviu-gbicial gravels. In the fallowing years vartmis Dutch and 
Gcniiaii geologists found equivalents of the Tcgclen stage ut various 
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points in the Hbine Valley, nml made their relations to the I%hine 
ililiivium very I'kor^ tliis identification of the clay bed in iLe Mease 
and likine Valleys is quite legitimate because tJje underlying gruvtd 
is u joint delta deposit to the two rivers. 

FJicgel and Stollcr (ttj)} found a plftnt-bearing clay with nsiiiiiiar 
flora to that tif Tcgelen at tv series of points in the Ithinc valley 
between Wylerttcrg iietvr Cleve and Tonigslverg. At Wyferberg, 
under the gravel and snnd of tlve chief lorrace occur II iiiel«rs of 
clay and fine sand, including a bed of brown coal 30 eentimutars 
thick, below that again coarse diluvial gravel, not quite so coarse, 
however, fts that of the chief terrace. This plant-hearing bed and 
its stratigraphical {K|uiva1ents extend south and gouthenist into Ger¬ 
man territory far beyond Briiggcn. A section at IIuckclsboveiL 
near Erkelenz, on the edge of the Euhr Valley, also showed a thick 
day bed between the gravel of the diief terrace and an older gravel 
bed lielow. 

Stoller gives the names of 35 plants from Wylerberg, all of which 
indicate a tcnipemto and some ii wnnu-temperate climate slightly 
w'armor than llio present in the same region. Their govwl state of 
preservation excludes tho idea of transport, from a distance. Tho 
lioni has njany do merits in common with the flora of Tegelen, wiih 
wiiidi it appears to lie contemporaneons. Fliegel and Stollcr also 
studied the junction Itelw'qcn the Tcgelen stage and the chief terrace. 
The surface of tiie ftinuur has Iveen modclevl by flowing water except 
in the most northerly part, betweert Vcidoo and Tegelcn, where tho 
clay is covered by 3 tnctciR of alternating sand ami claiTey sand^ 
the sand is horiiiuntally bedded and its upijcr 3U c-catitiu;tvrs is very 
hnniDUS, indicating that for a considerable period its surface formed 
dry land, 

Knmso (3S) also traced the oldest gravels northward, and found 
them to bo overlain by the plant-bearing Iwds of Tegclen age- These 
oldest gravels here contain large erratic blocks, but Krause considers 
that tlicise do not uoceasarily indicate ice transjxirt. Farther up- 
rtreani, at. CoblentK, these oldest gravels have risen nbovo those of 
fho chief terrace, lying nt 35(1 melere above sea level, while the latter 
never exceeds 240 meters, and are distinguished alw by their much 
lighter color. 

Lorif' gives (29) the genernlii£ed result of some 40 liorings on the 
w'cst coBJit, as follow's: 

7. Dane aamt 
(I. Miuune alluvium. 

Tt. Escpfitlcnallj' a bed of i^nnil, 

■(. 13eni KJirit', 

a, Uoper IlliliHj diluvium. 

2. Fine sand, 

1, Jjawer Uhtac illluviam. 
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Tlie tripartite arraDgetnent of the Uhino diluvium, Nos. J, 3, and 
3, can 1» followed south word ns they rUo inland, the mid rile bod 
consisting of iinc auid, louai, imd jrcat beds. It is thus evidently the 
equivalent of the Tegelen singe, am! the upper Rhine diluTimn cor¬ 
responds to the chief tamice, which is confirmed by its |K»sitioti 
immcrlintely Irenentfa the msnno beds of ttie Eem zone. Its Quvio- 
glacial origin is shown even here by bowkk-rs of gnmite and other 
rocks of northern origin, and also, according to P. Tesdi (30) by the 
large quantities of feld.spar crystals, orthoclase, and microcline which 
can only have resulted from the dLsintegnition of granite rocks. 

The Ouvio-glacial origin of the lower Shine diluvium, finrt miiin- 
tuined by Dubois, is more doubtful, for erratics of northern origin 
ore exti-emriy mre in it, though LoritS found pebbles of northern 
granite in a boring at Utreebt at lOl and 151 meters, nnd in u bor¬ 
ing at Gorkum at 117 meters below sea level. Tesch concludes that 
ihogmvels are really Huvio-glaciiil, containing u considerable Eitnount 
of northern material, but the ice edge biy some distance off, and the 
granite mostly became disiiilegriUe<l into quartz and feldspar before 
ctiming to rest in the lihine-Meiisc delta. 

PtTMMAIET. 

The succession of events in Holland may now he mitlincd with 
considerablo confidence ns follows; 

Pr€fftacial.—ln prcglarial times the Rhine, like the rivers of north 
Germany, cut its bed below pn^nt sen level. Indicating elevation 
above the present. At the beginning of the first glacial pcriotl the 
buui began to rink. 

First glacial /jcriorf.—Lower gravel diluvium of Rhine, and grav¬ 
els of Rhine-Alcuse delta, with occasional bowlders rtirdy erratics 
of northern material, but. a considerable amotint of fcldspnr, prob¬ 
ably northeriL The ica must have lain some distance off to the north¬ 
east, but owing probably to a relative elevation of .Scandinavia the 
thaw-watcr channel ran across the mouth of the llhitie-aicuse delta. 

First intarghcitil penod.—X slight elevation, combine<l wjih a de^ 
ewsase in the amoimt of water brought down by the two rivers, al¬ 
lowed tlic formation of the plant-bearing clays of Tegelen, and their 
equivalents at Wylerbcrg and in the clays and peats of the middle 
division of the Rhine diluriiim. Farther upstream the formation 
of the older gravel terraces censed and the rivers eroded their valleys 
iiomewhut. 

Secant yfae/fl/,—The land ice reached the Rhino Valley, and 
forrned tiie terminal moraines and ground moraine of the maximum 
glaciation of Hoi land. The land sank ag.mn slightly, and the gravols 
of the chief terrace and of the upper toarac Rhine diluvium were de- 
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posit(?d. It waSf *itill above iti presort lovel, 

i^pccklly in Lha north, where the gi-tjuntl niomloe is suceeedod by 
peat deposits and not by clays with ardio Ifolluj^a. After the cli¬ 
mate had again become temiterate, however^ still further ^lisidenoe 
occurred, and the Eeni clays were dejKisited. clianicterized by Tapes 
aureus vnr. The upper part of the chief terrace apiiears 

to Ijave been deposited dTEring this submergence, os marine .shells are 
mixed with the gravels. In ttie fielder this subsidence was followoil 
by ek^ atiunni for the Eem h&ih are overlaiD by peat, and this again 
by a buwddcr $nud of glacial origin. {Lorie, 

After the fornmtion of the chief terrace there followe<] n consid¬ 
erable period of elcvEiUon and ilcmidation in the middle Rhine, dur¬ 
ing wlijch tho rlv^t declined its IhxI Lit Bonn by more than 100 
meters. In the lower Rhino the clovation, though less marker 1, vrm 
probably Btlll noticeable, for thcro is a total absence of aqueous dc- 
[Kksits IjcLwccn tlio Eom beds and a bed of sand equivalent to the 
lower terrace. 

TMrd — The ice during this period failed to crCKSS the 

Ys^l River, and in the western part of ihe countrj* the glnrii^tlon k 
represented only by occaslornd hc^ls of sand. In the Yssel Yalley 
the tormJaal moniines of ihis glaciation rest on and disturb die ter- 
nice corrrapondidg to the chief terrace of the Rhine, nnd according 
to Van Baren, also rest* on tin; equivaleut of the middle terrace; we 
may tliorefore cou^^ider the middk terrace as oontemponmeous with 
the first part of I his glacial period^ indicating ^ulisidcnce at the bo* 
ginuiitg, but elevation at the end of ihe period. 

Xo deposits are known in nolland Iwlonging to the third inter¬ 
glacial. The huid ioc of the fourth glaciation did not n‘m;h Holland 
or the Rhine Valley^ but by analogy with the chief and middle ter¬ 
races, the lower terrace is attributed to this gloLcmtion. 

TliLs succession docs not by any means agree with the classification 
adopted by various Dutch mi th'rimin geologist^ so I will briefly 
discuss the latter. 

lAirien, nssuunng that in nortlii Germany ihe tiiiddle glnciKitiun was 
the grealcbtj correktes with it the maximum glaciatiun of Holland 
and consequenny also the Rhine chief leiracc, thiLs making the 
middle and lower terraces Ivoth c^iri'c^poml to the last glaciatiun, 
and tho lower Rhine diluvium to the lower glacial of Gerniony. The 
position of the Eem beds is sufficient, to disprove thk 9 <?hemc. 

Ih (t, Kniusse discovered at various points in the chief terrace eluy 
and sand beds containing a smnli inammalian and mollnscjui fauna, 
w hich he regardetl ns interglacial and of the same age ns the Tegelert 
fiorii, so that the chief terrace rTeprcSi.‘nts both ihc first and second 
gkciiitions of the Alps. Tesch, however, pointed out (31) that the 

©5133*—HU t01T™2O 
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straiigraplucul eviiieiicc is dcftrly ng^iiost tki^ concluiUoii, wUUo tlw 
faunn is rnnsistcnt with a oonsiderahlT colder clltnnto than the. pres¬ 
ent. Tile fiiunu w probably late lower gJacint. 

In ISlti (32), however, Tescb hail cleoicfl that the lower coarse 
lihine diliivinm oorresponds to h glacial period, on the ground that 
no corresponding arctic fiiiina or flora is known, lie considered 
tliat the chief terrace repFcsents ii single gtaciul period corres[>onding 
to the first of Gernittny tinil the first two of the Alps, then' being a 
progressive increase in flnviatile activity and a continiJuUy Increasing 
northern life eiement up to this poinL In tho paper in 1010 already 
referred to, however, ho adopfej u fliivio-glacial origin for this lower, 
coarse Rhine diluvium. 

3. PKXSLVItK, 

Xortboast of Ilolijind lies TTaiiover imd SchUswIg-nolstein, ih© 
glaeiul dep«>$its of which Jjave alrendy hecji ik'scrilied; to complete 
our survey of northwwt Riirtipc a brief reference to Deitmark is 
neces^aiy. Here, as In Holland, the Kctn stone forms a safe base 
line for correlation. This was dcaeribed hy l^ladscn, Nordmatm, and 
Hartss in their classic memoir of iJWIf! (33). Tn Denmark these ma¬ 
rine tempenitc beds were found in borings to hv overlain by two 
moraines; these wen? nowhere seen to he separated by later inter- 
g|acini deposits, but their bowlder content is rjuita different, the 
lower bowlder clay containing eixalics from tlic cast Bailie and tho 
upper erratics from southern Xorway. Tlie older moraine contains 
very much less crystalline and Cretaceoits material and much more 
Paleozoic material ihan tlie younger. There is thus no doubt that 
the bowlder clay umkrlying the iScni betk, ns in Holland, belongs to 
the first of flic three glaciations of Hcrmany. 

Oiir knowledge of the iim-ond inierglncinl of Denmark is ms inly 
derivcNl from a very detnilcd study by .lessen, Milthere. Xordniann, 
Ha^og, and Hesselbo in 1010 (Si) of a boring ai Skacnmihcdc. 
This p»sse<1 throttgli 200 meters of Qiiatcmaiy deposits Ixsfore the 
chalk was reachccl. Two glacial series were fotinrl separated by a 
well-marked Interglacial. 

The older of these two gladnl series was met with at « depth of 
IfiO mc^ere, or 157 meters lielow sea level, and was 20 meters thick, 
Otmsisling of sands and grivek and bowlder clay with many lliiits 
from the upper Danian, eruptive rocks from the eastern Baltic 
(Aland), and other southeast Swedish erratics (from Oesc! and 
f^land), sliowiug that this bowlder clay was formed by an east Bal¬ 
tic ice sheet, evidently (he same as that which formed the lowermost 
of the two moraines overlying the Eem beds in south Denmark. Both 
gravels and liowlder clay contain fragment of high arctic Mollnsca 
probably derived from early glacial betls not yet known in situ. 
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Abovo tltcBc glnciul 1 h^]s com^ the ninrine interglacial ^ Skaerum- 
bede soriest^ diruled into tiirce zoiios as follows: 

3, VoUlo (Porllnnaia} arctfm sooe vItU [iiireljF arctic fauna and Ijeds of 
ErnTnl nnl wntl wfth fmcm^nla irt tvnrivil Mnnuam; 40 nictera 
2. AHitv nitPlfi xitnr a'ltti ci bocixfarctic fauna; fi uictiOK 
1. THrrttelht icnfim mno ivltli a purely iHtrcal faiitw: 74 nictarB. 

TUo T^trrif^:Ifa tercim^/.oiib consists of a uiild, durk-gray day marlj 
with blnok beds nt iTio Uiiso and a ricb ninTine fauna of pronounced 
burenl type. The most ‘‘ teiiiin'ratospecies nre found only in the 
uiiddlo of the Kone; above nuil bdovr' are somewhat coiUer fonns. 
The fairnn indicates that (be lower part of the zone was ncenmulatod 
lit u depth of -iO to IjO Jiictcrs, l.lic upper [Nirt ut u depth of 00 to 80 
meters. 

iTpwnnl this zone piKscs gniduidly into the Ahm n/Zu/y^ aode; 
hliirk. Tpi-y mild, etoiic*frco clays with n pronounced boreo-arctic 
fauna ncctininlated ut a cle[>t!i of 20 to -10 meters. It is overlain with 
a sliiij p hoiindiiiy, by ilia YoUlkt ftrffw.u zone, a hard, gruy, tiUirinie 
day with isotuted sci^'tdicd bowlders and nests am] layers of sand 
iiiid grovels, with jvdled slietl frugiiicnts. The primary' MolUisca of 
this zone, mostly broken, are high artic; the rolled fragments in the 
sand and gravel beds are secomljiry, and exclusively boreal, and must 
liuvo been bitinglU, like tiiu nests of sand and gi'avel in vrhitrh they 
lie, l»y ico from the deposits of the TurrUotfft tmrira zone. The 
lower i»art was formed in 20 metera, the upper part in 10 metetsi 
ikpth. In the upper 30 meters of the clay are masses of 

niosa and occiisional seeds and leaves of higher plants, almost all in- 
dicatiiig an arctic cliniftte. {Satiji polarig^ S. lerbtb ea, Btitula mww, 
etc.) 

The st'ratdieil erratics in tha YoiJia clay come partly from tlio 
Christiania region (Rhomb porphyry) nnd partly from the Skager- 
rack; none are from iho east lialtir, so that the*ico miust have had 
a purely nonheni origin. A cumrmrison of the fauna of the Yoldia 
rtrv'/iro none with thn( of the older YoJditi. day of Vcndsyssel shows 
that the two arc identical and conaequcntly of the same age^ 

llio la-sf, glacial juTiod in Denmark is ntpresentod by the bed of 
fluvio-glaciid sand, gravel, uiid day, 37 mctcra thick, at Slmcrnni- 
IknIo, nnd the overlying sandy and stony momine. Remains of tliia 
glaciation am found over a large part, of Denmark, either nt the 
surface or beneath later Quaternary deposits. So far, however, no 
intcrstadinl deposits have been found in it comparable to those in 
the^Dalttc Hohmirticken of East and West Prussia, so that the Baltic 
o^illution as a rendvance of the ice edge over Denmark apparently 
did not occur. 

The imstglacial deposits, however, show a welbmarkwl clitnatio 
oscillation — the Allerod osolUattOD'—which possibly corresponds to 
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tJlis imclvaiif:^. Tliis^ was first dt^scribod by linrtx and 

npJir AIlercMl ill lOOl (31)). The foll*>wing section was seen in a 

brick kiln: 

3 to -1 fw?t, 

ffTny rlay, frw? tmi} Flnn-PH, tip In rt feet. 

Itowkler iwnil. 

Tn the gray clny^ 6 feet aboTc the bowlder aind, Hc^ a bed of 
fryffja^ I foot thick covGitnl and underlain by clay. The flora of 
the clay^ lait.h above and below the Gyttjdj is purely arctic— Pry^nr 
fietuM potitrL% Tlie flora of 

the Gyttpi^ on the other hiind^ inciipies B. vrr- 

rur^xfTy cU\, species not found in the day and in¬ 

dicating less arctic conditions and consequently a retreat of the 
ndghljoring ice edge. 

A siioiSar succession has been found at vnrione other localiticg, anil 
Johansen (^U) found the Allerod oscillailDn exhibited also in tiie 
frcsii-water Mollusca. though his latest researches tend to minimize 
the subsequent fall of tenliKsratlire (3T)* 

Tlir older Ti>7ffm clay tielongs to the condusion of the last inter- 
glaciaL xVbovc this in North Jylland^ and .separated from It by a 
bed of bowlder day, is another marine day with Toidi& Arrfim^ as- 
^MT-iated with a slightly different fauna, the upper day* Ti 

to 20 meters thick base b lunued by unfc^salliferoiis sand and 
grave?, eddently a fIiopg deposit, and it is Rimilatly overlain by 
other and gravel beds. This clay therefore indicates a sub¬ 
mergence, Ita fauna includes two high arctic speciesi Tefifnj^ 
TareUi wid J. both of which occur living in north and east 

Cfrcenland. Spitzborgen, and the Kara Sea* 

The individnala of however, are smaller, and the 

fauna ditfers slighlly from that of the older Yoldm cluy. ludiicat- 
ing tilighily more favorable condiiiuns| NordmaGU c^^imutiss the July 
air Ivmpomttin? aft below C. Tl^c bed evidently belongs to the 
mdting porifKl of the ice* so thal Imtli fdratipmphically and dimati- 
caJly it falh» on the aaiut horizon os Llie older Dryas clay. It marks 
Ol poriwl of siil»ndcnce^ during wliich tho submergence reached its 
niaximum at Frederikshavn^ where It amounted to uboul 50 meters* 
docresislng gradually to the soulti and southwest; its upper llnut, 
however, is another shore deposit 
The upper Ahore sand and f^ivd is unfosailiferous, but as it repre¬ 
sents an olevation it must eomapood to the Allerod Gytija^ tha air 
tejiiperature during the formation of which is con^iidered by Nortl- 
mann to Ik bctw'eon 12® and 1.5^ C* More recent than thii 5 sand and 
gravel is the Zirp/nt^a sand of Jylland, and Vendsysseh character¬ 
ized by Zirpha€a cri-ypaia and other boreal and boreo-arvtic tpeciesj 
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with A complete absence of high ajxUc species. It appears to cor- 
rospood to the less arctic part of the upper Drtjag penod. with a 
mean tonipcruturo of 8° to X2'' C.; it passes upwiird into the jiUurial 
beds. 

The seijuence of events in Denmark maj now be sinumarised ns 
follows: 

Frnt glaciaiuHt ,—Bowlder clay underlying Eom beds, with Baltic 
and Korwegian erratics. Land uiucb higher than now at first, but 
subsided toward tlie dose of the period. 

First i^crfflaeifU .—Hepresqnted by the Eem aono, during tlie for¬ 
mation of which the land lay somewhat below its present leveL 

Secoiul glaei9i .—Bowlder ciny with erratics from eiud Baltic and 
southeast .Sweden. This again was marked by elevation, for the 
ground moraine of this glacial lies much below present sea level. 

Beaond —Skaenmihcde niaviiie series. At first tlie laud 

lay about 100 metera above its present level; at the mivsimum of tem- 
[«rato oonditioiis it luul sunk to 40 or 50 meters, and at tUt? (.‘ondu- 
sion of the interglacial to only uLuut 10 meters above its piH'^nt level. 
This periotl closes with the PoHliStuliaurctira or older Voiilia period. 

Third gj-oci^tl.- —Kluvio-glacial deposits ami moruiue with erratics 
from south fforway. Glacial oonditioiis afterward gave place to an 
arctic v egetation, the elder Drga* fenod. 

By the ooticlusion of this glaciation the land had risen to slightly 
above its present level, for it is immediately followed by a shore sand 
and gravel, but this elevatinn nt once gave place to subddence. during 
which the younger Ydldia. clay, with high acetic Molluiica, was 
formed. 

ATlerod oscttloiiefiH /—A decided amelioration of temperature, with 
A July temperature of 13* to 15* C. j’ts no marine deposits of this 
period are known, the land probably lay above its present leveb 

J ovnger Dryoe por£o<f,“Recrude!ioen.Hje of ai'ctic climate and arctic 
ve^tation. To its close belong the Zirpheea sauda, with a fa una 
somewhat less arctic than that of the younger Toldia clay. 

ibe eaact cltronological |>ositiou of the younger I'ofi^iaday and the 
Allerod oscillation will lx; dlscitSiaMl In greater detail when tlio late 
glacial history of tho Baltic is considcx^. 

■L lEUSSlA. 

Tho standard region for a study of the glaciation of European 
Russia is the neighborhoixl nf Moscow. In 1S90 M. Krisditafowitsch 
(88) dwrlbe^l in Schernigow Province two very dli^iiuilar types 
of glacial deposits—Iwwlder clay below and fiuvio-glacial sand and 
gravel abo'TO—between which ho found at Troitakoo nenr Moscow 
Inciistrino formations with Quereue pedunculate, Ainvs gluiinesa, 
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etc., with EhpJuui pnwitffenimj etc; The [ilnnt muaiji^ iiidicjite u 
milder and more tcinpcmtc cUmate than llie present in that r^nn. 

The greatest authority on the glitchil pwrioci in central Russia h 
N, Bo£>jljubdw, who makes out the followhig siieccssjon in the ijo^- 
eriitnerit uf Aloseow (SO). The remains of two glaciations are known, 
the older one rejiresented by traces of inomines^ and by bowlder 
sands and conglomerates, and the younger one by bowlder Band and 
more i^erfeci moralnesL The interglacial i>eriod between these two 
glaciations is divided by its doixjsits into three phases j first a “ lake- 
wood phasci,'^ of Incaj^trine marl and loam, next a “steppo phas^e.^ 
of loess and loesslike “and loftm, and fimilly a phase.” 

The flora of the interglacial was investigated hy W. Riikatchcv 
(40) j who fijkds iiidirationr^ that the climate wa;a somewhat wai^ner 
than the present. There is thus evidence for at least two glaciationi^ 
in cent ml Russia^ of wldch tho fi rst was the maximiini. End 
moraines attributed to this glaciation hii^o been found by P. Tut- 
kowski (41) in Wolliynia. associated with Asar; this agrees with 
the iiiuitw ot the Erst gluelatioii of eastern Gennany, with whiiih it is 
correlated liy most Russian g«N:ilogi5t^ Nejir Ovnitsch (42) he found 
n mamnifll fauna in overlying lK»wltkr ^ud. including i^iepk 4 ix 
/fA. fost^ilk* this does not agree 

well uitti Uie Rixdorf horizon of Gemiany, but appears to be older. 
The succeeding gkriatiuti, cfpr respond lug Vo the second iu Gennajiy* 
did not I'each so far south as Wolhynia. 

The center of distribution of these two ice sheets W'as in Finlandn 
and Sir R. Murchison (43) founil erratics of igneous rocka, chicllv 
granite^ of Finnish typ^ miles stmth of the parent roi-kB^ 

this was confirmed by T. Belt (H) who also noted that in pre- 
glacial timee the Jlu^f^ian rivers cut their beds? much deeper than now* 

In tlie east of European Rtifsia the limit of glneiation tniTied north, 
along the \'olgft Valley and the Valley of the Petchora. In Fin¬ 
land two glaciations were recc^ized by It. Sieger as early as 
(45); the lower one of the#® is represented by ground inondne, the 
upper by a series of terminal moraines. AiTOmpanying these arc 
two distinct syirteinM tjf atria?T the yocinger cnmmg and abradjiig the 
older RB far as tlie terininul niomines, outside of wliidi only (he older 
system truiains. The older Htriu' e.vtend from the center of distribu¬ 
tion in a uniformly radial diwtion. while tlie younger are afiectriJ 
hy local Irregularitif^ of contour whidl the ice pnaiucing the 
former was thick omnigh lo override. In the soutlieost the limit of 
tile younger moniinet? is Hangii Head in the Gulf of Fmland. The 
deposits in the lower conrs® of tlie notihem DwJna were inves-tifraterl 
by Wollossowit^h {IGJ. Fimii two boring^i in Aj-ehaiigel Im dc- 
ficrilics tlie following general Kecticin: 
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1. Present ami olU alltlvKini. 

li. Cpiier wttrjilne. 

S. u. liiLtiil ati4 towb-ivuter sand dupu8lt«, k Satide witli plant rHUalDS, 

1, a, tU’iNitdts witli TcfOiNi haltMtii, etc. Omy cJii}’ with Tcfffwi 
ea/fxii'cq. c. Clayey etimiy scdliuoiit with Cttrdtum ciUatum. 

5, with ytklifin hpperhoreo, 

€k ii» irniy fulU‘r'H i'urth with rtdrfto arriinit t>. Pork sray loam wUh 
l^rcit icfawfkvt#, Attarte, Leia, iiatoitiiiL 

7« thirk liauijy clay wUli CotAimn tAulc, iTpliltts edslit, itifa, etc 

8. Lowar ml morulue. 

From this the nuthoi' ntokes the following gonernlizations: 

L Tfi the melon Incvetigatetl two niornlnco are naually foenil, indicating 
iwo tiiffcri‘tit filoclniloiiK, 

2. The liitcrgluclui juarlno ilepoislt la fenveit by two trotugrraslonn of anit 
tmatii»~tlic in-can Ic tRtns^«i|int, wlilcli Inclicntca an ImiMfOmt aobHldence 
of tbe cutnlncDt, oial ihut of Uic IVhJie Sen wbk'b was niurlced by ibo mom 
Importnnt second milwEitence. Tlie subaldenmi nltcrontcd with cermiponiliiiK 
I'lerntlous. 

tl. The postlrlHcbtl osclllollona of the sen level were conahlcmlily toore lie. 
Imirlnet tlmn iiii> interglnolnl, 

"XT. 'Ramsar (47) tnaintaiTied Umt thn fauna with TMiu areftea 
Was lute glacial and not iiiterglucial, but aa we have seen in discussing 
the Skaerumhede series of Denmark, this species also occurs at the 
conclusion of the ponnUlmato intcrglncish The whole series, in fact, 
bears a considorablo rttsembJance to tlie Skaenuuhodo series. If this 
interprotation is correct no equiralent to the first glaciation of Ger- 
Jtiaiiy has yet boon found in the Dwtna region, either becausn invest U 
gat ions liavc not yet been ca rried to a suflicient depth or becmisa tlio 
region during this gladatimi was one of erosion and not of deposi¬ 
tion. It is borne out by an observation of .F, Geikie’s, tliat between 
the limits of the old and middle glaciations lakes are few in number, 
within the limits of tbo latter they arc more frequent, but are mo^ 
abundant among the terniinal moraines of the last glaciation. 

There is one other deposit to which reference must be made—the 
iHjwlder-bearing formation of the south jiart of the Volga iJatin, 
descril«d by A. D. Anchangelski (48) and A, P. Pavlov (49), in 
191(). Jn the banks of the Volga is found a bed very closely 
iciiembliiig a luorabej clsewhero it is ropreseutwl by bowlder sands. 
Tlie Imwider snnds lie on the liighefd pert of tlus watershed; in tlieir 
lower part the sands are coarse and contain Ia3’ers and pockets of 
Imwlders and erratics, among which chert wdtl) carboniferous fossils 
is noten'ortiiy; the upper beds of the sand are finer and contain 
layers of sandy clay. Among the erratics crystalline stones are almost 
entirely absent. Tlie cherts nttain a diameter of one-half meter, 
Ilulh mil hors consider the lower hiirizon os lliivio-gbidal: the sands 
are older than the Caspian beds and apparently Pliocene; during 
their {|epi>sition the relief of the ground differed coasidcrqbly from 
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thpi prf!^nt iinti even the great river vwUej^s ilid nnt yet exist. Tlicy 
were compared by Pavlov with <he old bowlder hetla of Gennany 
and Switzerland* and^ especially witb the bowlder beds with a 
Pliocene fainin in s^iuthwest Francej with the lower weathere<l 
moraino of the serra eluim of Piedmont^ and wdth the ini migra¬ 
tion of the polar fauna in the Mediterranean during the fourth up[jer 
Pliocene tmiisgressioni which corresponda to the bi-nt great European 
glaciation. 

ProfcB^or Pavlov explains the lack of northern cry^alline erratics 
partly by their alight durability in comparison with chert and partly 
hy the medianic.s of glacier work and iiourialnnent; on the enornimie 
stretch of the Bitkin n plain there was heaped up, before movetnent 
l>egiin in a clehnitc direction, a mass of snow, fem^ and ice^ in ihifi 
erratics were frozen; nourighment and movement continued for ft 
ceiiain jusricKh during which the bowhlers fi-om central BuksIa were 
carried into the ZiiritAyn district, but tho Finnish erratics only 
reached, cent ml Russia. 

All hough the existence of these Ixi wider heds with erratics iB 
fairly establi^ihed, there are dKHculties in l!vo way of giving them 
Hiich El lihoml interpretationp Tlio cxistenre of an isolated occnirence 
of groniid moraine so far soiitli. and entirely unmnnocted with any 
center of glaciation hy similar deposits, docs not Feem pt^ihable. In 
GermanTj m wo have seen, tiie evidence for a Pliocene glaciation i^ 
of the scantiest, in spite of the immense detail of the researches in 
that oonntry, mid it seems certain that such a glaciation did not 
overstep the Umlta of the first of the well-known glncliitions* 

A more probable ngent for the form at ion of beds in t^uestion seems 
to lie river Ice, wdiich would easily deposit erratic Ijo widens of central 
Bosnian type in fluviatilc sanda. If we accept the late Pliocene age 
of the betls which is swggfe-teti by their position with regartl to tho 
drainage ftysiem, they may ihon ropresenk as suggested! hy M. Pavlov, 
a cold iwrioil corres|iondi«g to tho first Alpine glncktioni thmigli wo 
have no proof tliat it tvob accompanietl by the formation of uii inland 
ice sheet in oentral Busaia. 

SUMMAlEV. 

Zofe CoitsiclerHble elevation in nil parts of Enrojwan 

BiiBsin* 

of Plwrt^Ti4 \—Cold period. River ice on the Volga. 

Firit — Finnish uttained Its muximuin extent, reach- ^ 

ing fur Inlo tlie central Biipskn plain. 

Fif^l ^fhf^rtJiae^4IL—{\) laike-woial phase, (ill Ste]i]a> pluoie* 
(Hi) Wood phase. 

Jfcpcad —Ice di<i not reach far into the central Russian 

plain, stopping short of Wolliynin. 
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Sec&nd tiUerffl^icid—FQTmhtioii of Arclmngcl scries in lower 
course of northern Dwinn. Finland free of ic& This interglacial 
was marked by a aut;«idence in Finland. 

TMrd —REelevation of Fin]anThis glaciation was 

limited to a relatively small area in Finland and northwest Russia^ 

The limib of the second and third glaciations Imre not yet been 
traced in detail^ and no formations similar to those of the Baltic 
iiitei:^dial have yet been discovered. 

5. SCA^^Dr^-AV!A Min TIIE BALTIC. 

Tilts centers of ice accumnlation in Scandinavia were necessarily 
areas of erosion, wliere the thick ice swept the rock surface clear 
of all superficial delrltua, and transported it often to verj" consider¬ 
able dlstanccsr ConRefjuciitly, every glaciation In ihfc$a regions would 
lend to destXToy the evidences of the preceding one, ^ that it becomes 
liLinl to tell whether there h.TVe been more ilian one ghiciation, u Cu, 
whether tiia ice ret neats and interglacial perimls of the peripheral 
legions extendeil into the center of ice di-stribntion. It'Llving the whole 
country clear of ioc, or only to its maigin. 

Nevertheless, Uiere are a few traces of such deglaciatlon which, 
cuiisidering their n^icssary rarity^ entitles ns to assume the practically 
complete disappearance of the ice. Tliesa were disciii^^ed by A, G. 
Tlogbom in 1013 (50). He refuses to uceept the thick sand IkkIs, no- 
fossiliferoiisi or with only urctie renmins, jn Schoneu as interglacial, 
since Uiey sliow no evidence of any rank higher than interstadial. 
On the other hand, the fosFdl if crons deposits with a boreal fauna and 
flora overiain by glacial deposits desjcribed by II, Hunt he (51) at 
llernosand and Erikson (5:^) at EoIIiiEt^, Is^th in north Sweden, he 
cnjT^Jdpr^ to bc very probably truly interglacial, as well as the fos* 
sil if crons beds intercnlated in thick moinine deposits in Jaederen., As 
further evidence for at least one interglacial period he mentionij the 
finding of teeth of mammoth in Schonen, Finland, and central Nor- 
way and remains of musk os at Gotlienburg. 

The depojttit at llcmfeanrl appeal^ to Ijo the mot^t important of 
it was di^ribaxl by 11* Alunthe in 1809, llKH, nml and by 
A. G. Hogbom in 1910. The section is a^ follows: 

3, Tjrriteiil calcnre^joK aiomLne clnvr H to C mtFtoro. 

2. Brown pyttJa otuI Hitad^ rteb Ja fo®di Qoateruur^ fr€«li-water 

nail Innil ArganbmiA ; 0,T iw 3 meters 

1. OlHCial: Band, ^veh aiul blocka (partly Lee Bcmitchetl): 2.S metei^ 

The Gyttja is partly a somewhai impure diatom and CJudorem 
formation, partly more or leas mixed with fine sand: it u^ially show^ 
n lirecciu structure* The plants inelmle odoreUii^ R. 

PIflux and Pie^ia tfiTCcfsa. It appears to hav^ been de- 
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pofiitec] in a ahallovr fresli-n uter Utism in n «tccp*sid<!(J valky at right 
angles to the direction of ice (notion; the dimotic conditions were 
iirctc>alpine part of the time, but. must have boon sometThitt iwttcr 
when Sefvfa odonttUf Pmim mtnairis^ and Pic4^ ezcelsa grew. Its 
uiterglaciut age is based not only on tlie stratigrnphicaT cvtdencOf 
which is Tery atmug, but also on the similarity of its ilom to that of 
ondoubted interglHclal rleposite in Denmark and north Germany, 
Pi«e<t exesha is a Tory characteristic interglacial fossil in DcnmEirk, 
This Hernosand deposit lies exactly at present sea Icvd, 

J, Geikie {»%) quotes a letter from II. Tomebohm describing a 
section in AVcrmlund sliowing two bowlder clnys superposed^ the 
lower darker in color and containing fewer big si ones than the 
upiier. Them is usually a sharp line of doinflreution between theni^ 
and in some places the lower til! has been partly broken up and 
denuded before the upper till was deposited, indicating an interval 
when the ground was free from ice. 

A, G, Nnthorst and II. Dmidbolim have shown that earlier than 
the ke sheet which moved fi-om north-northeast to soiitli^uthwest 
and formed the “ lower diluvium’’ {middle glaciation) of north Ger- 
umny, there intial biive existed another Ice sheet which glaciateil 
southern Sweden from east to west and Hccumulntcd a ground mo- 
raiiiei with blocks from tho eu-st and southeast. 

In Botitbwist. Norway, nt Jaederen, soulh of Stnvangtr, K. Bjor- 
lykko (’4) found a f clay pn-ssing under and disturbed by 
bowlder clay and seen in borings to bo underlain by other glacial 
deposits; ho considers it to mpresent the cold [uirt of an uiterglucinL 
Farther east, between Stavanger and the Ciiristionia Fjord. .V. it. 
Hansen {55) diida evideneo of two main glacial periods, in addilion 
to tho later readvances; these he attributes to Geikie’s Saxoniftn and 
hfeck I enbii rgtan. 

Tims we see tliat there is eoiwldcrabla, though scattered, evi¬ 
dence that nt Icatit once during the oounie of tlie glacial period Scan¬ 
dinavia l)ocamc practically ice free. At preauit it is not possible 

a rule to allocate the mtcrglncial deposits to definita horizons 
hut the Cifpruta clay of Jaederen is considcrad by DjorlykkB to bfr 
long to the older Inlorglaciid, on both strati graphical and juJeonto- 
logiral grmimls, and (his would bi lng it into good agreement wiih 
tho Pypiina clays of I>etimark and north German v. t)n the <il:her 
hand, the floni of the Ileniosand Gyttja is more in ac'cordance with 
the upper interglftoinl of north Genimny. and this is supfmrted bv 
the relative freelmess of the depositH. We msy acconlinglT supiiosij 
that there were at least three entirely (listinct ^aciations of Sren 
dinavia. separated by intervals when the ice melted well hack into 
the mountaiius, if it did not dUappunr aitogethcr. During the i-nrlior 
of the intervals the coast of Norway lav lower than at present- 
during the later both Nonvay and Sweden lav higher. From the 
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finding of Littoral species of Stallu^a at great sea rieptli# off tho west 
const of Norway* Brfigger cnneLudcs tliat at dine |Mjriud daring the 
early Qtjatemary this region luy 2,600 ineterB higlier than n<jw. 
Furl he Ft on the coiiBtal banks of west Norway littoitl nretfe Mol- 
ItLsca extend to depths of aljout 200 motors, indicating* in Brogger^s 
opinion, that the land lay at nearly 200 meters above the sea cwn 
itnriiig the last glaciation. 

The question of the oecurrtnee of deposits of liie BaJlic inter- 
f^tadial in St'andinn^ia h quite different and von be only approechc<! 
by H careful (‘omparative nUidy of Uie history' of the BnltifiL The 
sequenc*e in Denmark liaa been partly described already: 

Thijyf glaeiaZ perio^i .—Flnvioglaoial deposits and morames with 
erratics from south Norway* Land slightly nbovc present level. 

Older Dr^ae period and Yoldm p&ri^d. —Slight sub- 

aidenee, 

AHercd OAcHlatioju —A decided ainelionition of climabe* Lpaiid 
above preaent level, 

Yatiji^er i/r^m prriod .—^Retiim of cold cl ini ate. 

Zlrphaea —Cold conditJoivs; slight siihmergencep 

After the deposition of the ZrrpAne^ sands there is a gap* during 
which no deposits are known to have hern formed, probably becatisc 
of the considerable elc^^lion of the land. This may cornx^pond to 
tJie Anetflue pteriod. It is foliowotl liy tho older 7'apeit beds^ repre¬ 
senting the maximum subsidence in Ekumiark and also probably the 
tcrnperatUJC maximnai. 

Above the older 7'apc$ bwls ana ibe yonnger Tapes or 
bt'dis intemiediiite between the iddcr Tapes tinir and the present 
botli in levd and climate, L^istly come the fftill forming beds with 
My a firwmiriVi, 

The latter part of tliis seqiioiice agreea very well with tliat in south 
Sweden, as describcil by numerous authors bill tha earlier 

part is at viirinsiCLS Wc may make the followitig coiiipiirisoii: 






Iflffi arensHQ infers, 
Yiiiiuavr Tam'* Itoln, 
tlldvr I'upf# 


-T/yfj Qrrtittria TaycRiL 




I Oil laatlc (>^»E 1 luiuu,) 
(tS&tc) 

iiftrpftwrfX 1 h.hJj*, 


(Dlpiaitlr iijilEaiaia.) 
Anc^lvt lacustrine h^^in, 
rNiJoalLn of Fo/J^O! K»ii. 


UmuT olion? Band an i1 


>imaBi*r ptrlocL 
Alfi-roil eyttjai, 

Voijager ctny* 

fj^wer sliore Mind. 


Cprk^ac Bninliui entl laoruLne. 
Ilalllc Ice lake. 

In? ovi?r Sclifiiicii, 

ArcdL- }dnm Ij^hIs ef Sc1ioai!>n. 
rji:4t glarfni |j4tTix1, 


Ollier /ir^riJT 
IjiNt |{laclal perliwl. 
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The correlutioTi of Uie bineketed st4age!i is uncertain, lint the se¬ 
quence of events wais probably something like thb^ Denmark T^as 
ice free before Scania, so that the older Drt/m period of Denmark 
may bo unrepresented in Sweden, or it may be only alight!y earlier 
than the arctic plant beds of Schonen (oT), whose positioD is doubt¬ 
ful. The Baltic ice lake evidently eorresponds to elevation in Den- 
niark^ which shut out the sea. As it was n period of rapid ice melt¬ 
ing, and therefore relatively warm^ it may correspond to the Allerotl 
oecillatlonf in which eau^ the fall of temperaliirc and readvance or 
still stand of the ice marked by the Sconian end moraines must be 
correlated with the younger period, and the siibsidene* markod 

by the Sea in the Baltic is marked in Denjnark not by the 

yotiiigi'r YcJdia- clay* bul by the ZirpA/u'a sands. Tliis correlfition 
is rendered more prtibafale when wo roniemlfer I bat the late glacial 
siibsidciico reached its maximum in Denmark^ tlie more [^riphernl 
area, earlier than in Scania, the more' central area. To represent tho 




changes diagrammatically, we liave to superpose two ciines of 
changes of level—a primary, which in I>enmark was always a phase 
earlier than Scania, and a 9i?condary, which was the same in both 
districts (%, i). 
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In Scandinadan lato glacial, the depnssjdon of tho Yoldia Sea 
and 5u» etjuivalents and the succeeding elevation appear to have 
progressed iuwnnl to a central Kono over the east of Swixlen^ here 
where the ice was thickest and most permanent, the ron^uent de¬ 
pression was the reaching more than 250 meters, and the 

land took the longest time to recover from the effects of the load. 
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Wo haYO mxt to com para tha sequence in Denmark and Sweden 
with that worked out by G. Broggar in tha ChrisHania region, 200 
milea farther north (53). Thia ^ncnco and the rariations of 
lavcl of tite land are aa follows: 

'llto older clay Is a rcconstnicted bowlder clay with 25 

species of high arctic MoUusen formed immediately behind I he re¬ 
tiring glacier, indicating a land level about 30 tDOters lower than 
the present. Tlie land then sank another 45 meters, white the cli¬ 
mate ameliorated, so that one finds the larger form of the high arc¬ 
tic Portlandia artiira (rmy of the older Yofd!^ day represented by 
entailer forms of the aune mtu^l in the ytainger Yotdta day. At 
this time the climate was simitar to that of the west coast of Spitz- 
bergen. Tmme<lialely above the younger day is a day de¬ 

posit with a more arctic deep-water fauna, chiefly drea 
Gray represented by a large form. Tins older drew dny repre¬ 
sents a submergence of about 100 meters and b only fonncl mitsido 
the groat Ra moraine or in immediate connection with it, whereas 
the following middle Amt day, with a smaller form of Area gja- 
c«i7m, rcpre.'iontiiig a slight amelioration of dimate and a still 
gn-ater stibmergenoe, occurs also inside the Ra moraine. The latter, 
therefore, which represents u prolonged still stand of the ice with 
possibly a slight, readvance, evidently corresponds to the older .liwi? 
clay. 

Tho continuation of the late glacial sequence in the Christiania 
region is drsenbed by Urogger as follows: 

The middle Amt clay, indicating « submergence up to 150 meters, 
is followed in continuous series by the younger Area day with s 
still smaller form of jIttii and many boreo-arctic Molluscs. 

The ocrurrcncc of this fauna in connection with a oorresponding 
shore fanna. which occurs in the Partlemfia day with Portlimdia 
tentind/jta and in connection with the series of moraines in tiie 
Christiania Valley, indicates in this region a snhiuergence of the 
land tn about 200 meters. The progressive sinking still continued, 
as sliown by tiie murine shores of tho neighborhood of Cliristiania, 
when* terraces of iicenmulation with n boreo-arctic faiinn and corre¬ 
sponding erofrifin phenomena indicate tlis shore at a height of 21 ft 
meters above sea level. Corresponding to this sinking of tho land 
there occurs nt many places on the present shore line a fossil 
Lophflta fiiunn, and this period cntncidcd with tlie cpiglacial 
period, during which the great moraines were covered by the south¬ 
ern end of great inland lakes, After this the land began to’rlso and 
the climate ameliorated steadily. The iipt>er, micldlc, aud lower 
d/ya banks, at 200 to 100 meters, corresponding to the older CardhTn 
clay, arc followed by the younger Cardium clay, lOO to fiO meters, tha 
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upper 0«itva hiuk&, fiO to OG meters, tlie iipimr T(r<prjt btinka, early 
nciiUthic in Hge, at t>0 tu 80 nietet^, tlio lower 7‘aprA banks. Scrohmi- 
iariit day, anti banka, tlie latter only just above the level of tbe 
sea. There is no trace of either the .1 elevation or tlio Litcfritui 
snhsideiicc, but the lioriTinn of the latter is marked fauiially and cli- 
jnaticaUy by tlie Tap^a banks. 

Tlio only part of Norway where any trace of the LUoritta eub- 
sidence bas been found is in Cbristiansiitid, the Eoutlicrnmost prov¬ 
ince, where I). Ddiiielscn (59) found that after a maximum late 
glacial subajilonce of ;»0 meters the land row.* to about its present 
level, and tlieii sink again somewhat. J, llolinboe (GO) also rocorJa 
that during ji wrw;k off the suiUh const of Norway in IIHIO jjcat 
fragments were tom frotn the sea floor, iHnsisting of parts of two 
hwis, one arelic, with lieftr/a nam, and the oihrr representing a cli¬ 
mate sonieivhat wanner llian the pi'cseut, and cvitlcntly belonging Ln 
tho dnry/ue la-rliHl. During tbo f(pnuiit,lon of both these beds the 
.land must have lain at lei^ 3 melcrH higher than at present. 

Owing to tiio dissimilar diatigcs of level, correlation with Scniiia 
rnn best be pffevled climatically. 
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Tliis correlation is to some extent supported by tbo fact ibat it 
makes the maximum subsidence in Norway ticarly coincitle with that 
in Scania. If it is correct, it indicates that Baltic inlerstadial de¬ 
posits are unknown in cUber Norway. Sweden, or Demnark, save 
p<it?.sibly the arctic fi-c=h-watcr bctls of Schonen, but are replaced 
instead by deposits of later interstadln. ^Vrelieologlcolly al^ the 
cfUTclation is supported, for the Btone age occurred during the ,4/*- 
ri/luf and Ltforhi^ peri^ in Sweden, ami during the climatic opti¬ 
mum in Denmark and Norway, while the succeeding paiiod of eleva¬ 
tion in tlie Baltic coincides with the bronze age. 

Direct comparison with the north Gennaji coast is iinpossible be 
caiite this more peripheral region wa.^ elevated above present’ n^a. 
level at the close of the lust gbcial period, and was not subseiiuently 
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gubmergi?f]» csccept possibly far n fiainlJ ptuh in die northwest, wliere 
Ll£&nn£^ defio^hs occur below s<>ii kvcl (^d). No cold period subse- 
ijneiit to tile ica melting Ims yet been provistl in the peat bogs, so that 
the Scaniau end morakio ot least is iinreiirosented. 

Xordmaim (62) [ipidicra the term older r^ldia cluyto the two 
beds with ToIdJu (Porll^iiiditi) llie terni ” younger 

clay'’ to Iho bcti with PoHlmfdm and considers that tUa 

latter^ with the awit>ciatfMl epJglacial nioraliiiTS^ repi'eseiits (ho Zir- 
ph^€a sands of Dciunark, while the Jayp cIiiys represent the -lUleml 
o^iLlation. This, Imwever^ h not bomc out by the clinmtic vjdiies 
of (lie various species uf llci]Iui5Ciij and it fiiHlier leaves the greut lU- 
rnoraliie quite nruiccounted for. The cpighieinl moraine appears to 
represent a later cold I'icriod of consUliTubly les^i inteiisity, 

In the Bergen iijigiori the conditions were described by C. F, Kolde- 
rup (63) ua followi^* TI 10 higbest well-naarkeil s^hore line lies in the 
west at ?j 0 to 60 mi:ters and in the east {imier fjords) at 60 to TO 
ineterSp These terniees cron tain V&Idf/i and 11 nj tenrml by 

Koldcrup the “ Yoldia ^ oi‘ “cplglacini They do not nmrk 

absohitdy the highest level of the J4ca, for here and there a small 
terrace is found a few meters above* but indicating only a very short 
sUsy at this level. An the Inland it'O melted, the ice divided into local 
glaciers^ whose ends reached the seiu A still stand or slight readvanco 
ftt this stage is marked by n few important end moraines, which cor¬ 
respond to the Fa-moraines of Ltie Cliristiatiia regionp Arctic mol- 
iusen, indicating a climate colder than that of the extreme north of 
Norway, ocemr In IhlhLs mixed up with these incpriLiue.^ but the 
terraces, with a tmmx like the pre^^tuit one of the ^Tiitc Sea* belong 
to the odl] of the Fa-moraine period* Conditions were thus essen- 
tially simikr to tlio^. of the Clmstiania region* 

At Christiim&iiiKl and Troiidlijcni, J, Ecltstiid foimd tlmt glacial 
conditions continued tmtil the maximimi suijsidence {TO to 13*1 
nicters) was reached, after which it ainelioratetl, and present condi- 
tiona (Tapcff perjfxl) obtained when Iwcj-thinls of tlse ensuing eleva¬ 
tion had t liken phice. 

Still farther north conditions have been studied by O. T. Gronlle 
(64} in the nelghboilw>rxl of Tromso, iibont latitude CQ north, lie 
found that diirhig the late glacial subsidence the elinvate continued 
ardict but when elcvotion commeiice<l conditions liecame milder, uUi- 
mately unlder than the pre^nt Renewed sulisidence in the 
period w-^as associated with a deterioration of climatey but at the 
new minimum land level the climate again Ijecamo milder. Tlib 
Fubfficlence was probably the cqu I valent of the Litorina suljsidence, 
which, as wdll appcjjr later, wus very widcsptviul over the northern- 
niotjt part of the North Atlantic and the Arctic Oceans, 
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a GREAT ERITAIX, 

Iq appIyiKiB to tlio glacial deposits of Britain^ the clas^Scetion 
\i-orked out for north Europe, we find that even in eujjtorn England, 
wheift deposits of two g1 aviations occur associated, a dii^t proof of 
a difference in ago is more dilScuUv. But the bowldpr clays wliicli on 
etratigraphicjil and paleontological grounds arc classified as belong¬ 
ing to the fit^t glaciation of England arc vastly tiiorc weatliereJ and 
eroded than those of Icsii estent wldch are claf^iried as belonging to 
the second glaciation* Iforcoverj almost without, exception every 
locality in England where older paleolithic implements have been 
found lies outside tlie limits of ihh younger bowdder cIjiv- ThoBe 
ImpTeinents are associated iiVJtli the w'ell-ktiown w^arm-temperate 
faiinji of Clielles. which is incompatible with a cliniato appreciably 
colder than eIio present; they arc indisputably younger than the older 
bowlder clay and older than the younger bowlder clay, and on ihcsa 
grounds alone we should be. justified in Inferring two glacial periods 
in England, sepsinited by a temperatq interglacial perioi 

Tlie starting point must be S. V, Wood^s division of the East 
Anglian drifts into contorted drift, middle sands and gravels, and 
chalk;)" bowlder clay* The lower tills of Cromer and the aTctio 
fresih-w iiter betl can not hq separated from llie contorted drift* At 
Cromer the middle sands eontain AriQmm^ f>cnfaImTnf 

and Sealiiri/i (65), Tlie same Iwd at Yarmoulh con¬ 

tains a much larger fauna of moUusks and ostmeod^, but still boreal 
and arctic (Cfd- They form no evidence for an interglacial perii>d. 

Northwest of Cromer isolaterl hills rising aWvo the Fens> show 
marine sands and gravels; thosa contain a northern but nor Jirctic 
molluscrtn fanua witli in places Corhi^^^ as at March. 

They are associated with old valley gravolg, containing Pleistoocino 
mammalia {fHppopotarim^^ Elephiijs anfi^ptm^ E, primi^^sruuSf 
ticht>rhhtm^ and Felijt ^pi 7ai’a ); this resembles the fauna 
of the older interglucial of north Germnnv* Tlie beds also contain 
flint implements, Chcllcan or Acheiilian fcype^ they on chalky 
bowlder clay- 

Thu ue.Tt clear seqiieneo is that of the coast of Holdcmess (fiS), 
where again thero are four lio wider clays, the Upper two pa rated 
by strati lied gravels. Thu uppenia^ divininn is the Hessle bowlder 
clay. quUo indhititiguishablc lithologically front the lower clays, but 
with Biualkr Ivowldets and no shell fragments, S. V. "n^'ood'a sec¬ 
tion was at lles^le^ where it overlies the uiiamniaUfernii..4 gi^avel, but 
overiitps it on to the chalk* The relations of ihe ITefisle dnv cart 
bo more satisfactorilj at Kel!^y Hill, in Lincolnshire, where 
1 ) 0 wider day 13 feet thick, bnt vecy much w^thcreil, overlies the 
mariu© gravel, which, here, opposite the Humber gap, contains groat 
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numbers of shells of Corhicitlit fiuTihinalis, Be^ieatb the gravel, bor¬ 
ings show smother bowlder clay- At Grimsby, also^ two bowlder 
chys are siiparatocl in places by gravelly sand- This marine bed is 
ill fact found ot a great number of localities; it was considered by 
Wood and Koine (GO) as u duitinct deposit^ termed by tlicra TIessle 
sand, between the pnrplo clay and the llcsslo clay, and C, Keid 
states tiiat there Is no doubt whatever about its position between two 
bowlder clays. It can be traced around the greater part of the old 
bay of Hobierne.^ and, where die ancient chalk cliff is low, extend)? 
for some distance inland. The land ^nk gradually to a depth of 
about l(X) fiiet, and re^ again gTiiduuIly, ho that except in parts of 
Lincoinshire there is an ulinont complete absence of a clilT bounding 
the gravels at thia loveb There is a distinct line of erosion at the 
bottom of the gravels and another at the top. lliq only still-water 
deposits of this horhton arq those at Croxton and Kimiingtoii* 

The mariiio fauna la by no means poor* Sixty-one species ure 
known, slightly nortberiu but not arctic. Except fiamm- 

aliij there are no exclusively southern forinj^; Pi do not now range 
so fur south- The great ninjori^ are living Btllish forms, many 
of which do not extend far north. The faumi agrees almost por- 
fetJtly with tliat of MaK'h in the fen land- The mammalia iiiclndc 
EltpA^ iarundw^ and Bhmac- 

eros leptathinm. We niiiy safely assign the marine gravals to a 
perioil of inilfler climate than the bowlder clays preceding and fol¬ 
lowing it The Qoru frotu the estuarine peat at Kirminglon (70) 
suppfirts tlii*^ coiieluHionK 

After the melting of the ice of the last glaciation the land lay about 
40 feel lower Lfian at present; the benches of this submergenra hava 
aU been de^royed by the encroachment of the sea, except a raised 
estuarine bench extending for some miles near Barton* but river 
gravels in the chalk valleys and the positions of some of the peat de- 
pusits, c. g.i on Kelsey Hilk indicate a saturation level about 40 feet 
higher than now. Most of these deposits cofiCain a temperate 
3era of otik and hazeb with /ioji pnmiffeniu^^ iind 

£^IepAm prim£ff^u$^ but at Holmptoi^ temperate lacustrine de¬ 
posits belonging to ibis stage are overlain by n laminated peaty bed 
with wkicb is so characteristic a northern form that it 

seerru^ sufficient eviticneo of a return of a colder plimate: this arctic 
bed agrees with Eimihir pc^tglacial arctic beds in the Pennine dis¬ 
trict to be deiicribed. 

Just north of Holdemeas the glacial Guccession hna been studied 
by G. W, Lompitigh in the Flamborougb Head district (Tl). The 
equivalents of the four bowlder clays found by C. Reid in Holder- 
ness are rccognixed^ but at a higher level. The purple bowlder clay 
is separated from the equivalent of the Hessle day by unfoesiliferous 

65133*—SM1017 - 
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grtiveljf. but Latuplugh does nut consider them as intcrglaciiiU flc 
regtirds the liolilemess gravels as possibly marine, but canterapo* 
ranr<»us with the continuous formation of ixvwlder clay In other 
parts of the arom during an oscillation of the icc e<1gc; diis suggeS' 
tidn was considered by C> Reid to be negatived hy the fauna. 

In Durham C. T, Trccbmatin (72) found n somewhat similar se- 
fpience—slower shelly bowlder clay with Scandinavian bowlders, 
overlain in places (especially in t-avitics in riiagncsittii limestone) by 
current bedded shelly Bands, jjrobably niarine, and this in turn by 
Cheviot bowlder clay with Scottish and Cumberlatnl erratics, prob¬ 
ably etpiivalent to the lleasle clay. In Northutiilierlanfl Doctor 
^\'ooIacott (73) found only one bowlder clay, but underlying it 
north uf the Wansbcck he found a cNsaree gravel which may represent 
ih^ gravel bc<ls of the rhirbain cottat, 

year Ilartlepocd the Cheviot clay is overlain by a gravelly bed 
extending fairly continuously at an altitude of 60 feet; Doctor 
Woolacott regards this as the continnation of a raised heath which 
he discovered resting on the bowlder clay from Seaham to Castle- 
£den-Dene. The beach decreases in height both north and south 
from 150 fret at Cleadnii and Kulwell to 50 feet at ^ahain and 00 
feet at Castle-Eden-Dene, while a raised beach at Haltburn lies at 
30 feet. 

Returning to East Anglia we find that the i-oiitorted drift breaka 
up into isolated mounds and ridges as it passes southward, but the 
marine sands of Cromer and Yarmouth merge into S. V. Wood’s 
widespread ■‘middle glacial” nnd the chalky bowlder clay forms a 
widespread sheet. Xo traces of temperate deposits have been found 
in die ‘‘imddle glacial ” It seems that the great subsidence in Dol¬ 
led during the early Quaternary was sufficient to defiect the Scan¬ 
dinavian ica from East Anglia farther eastward. In this way would 
be explained the total absence of a bowlder clay underlying the 
chalky bowlder clay in central England, a fact otherwise incompre- 
berenhle. Ajid, further, the deep river volleys of Xorfolk and Suf¬ 
folk, which e.xtend below sea level, and arc p«@t Sorth Sea drift, 
hut prie chalky bowlder clay, are possibly subglacial fjords (74). 

Tins archeological horizon of the elialky bowlder clay is fixed as 
pre-Achetilian by the well-known section at Hosne (75)" which gives 
the section — 

4. Loftifi mWI iTfnvfl with AohciulSan Imptomoiitw rtiiI wlrt^esprcml fftunfi 
Rtiil Jlom. 

& Black Ickun with nmnptoTiB arcilp 13 feet. 

2. IJgniti^ Encustrlne eloy vi,ith pluotJi flnd motluHcii; oa 

iircttc pianist 

1h Chalky bowlijer day and ^aelul j^aocL 

From this section it appears that not only is the chalky bowlder 
day older than the Acheiilian culture, but is separated from it by a 
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long period of tempornte climato and another long period of arctic 
chriifttc., 

BcHimitig now to Cromer, we find underlying the arctic and 
glacial sequence there Ihe Cromer forest bed, which contains a tern- 
^rate fauna including an admistura of Pliocene forms-includijig 
^aeAnrrw/ui, nhSna€m>^ e/msn«, and Elephae mendl&mlh^^Mh, 
Plcisl^ne forms, including EJiphat atOiqwis and a rare form de- 
scnlicd as E. primiifeTtSita^ but which aoeording to TI. Pohlig (761 

This agrees closely 

with the bt, Frestjau of France. ^ 

'^e o^in^l Horn has been shown by C. Ileid and Dubois (T7> 
to U almost identical with that of the Tegelen days already dc- 
wnbed p. 290) as underlying the chief terrace of the Khine, the 
terrace which we have already seen to bo contemporaneous with the 
first glaciation of north Ciermany. The glscial depodU of eastern 
JJ-nglaud may accordingly ha correlntcd as follows? 


lUBTKltV tniGUIiS&, 

Cromer forpsi: Tte^L 
AmJe fiTCfili-wntor IimnL 

XO‘rtii Sea drift Jind ^candlJUiTian 
f3rlft of Durimjn. 

AnrtJi: mfirU^ af Cnrnwr atiil 

ViirmoutlL 

Cltnlky ^Miwkler clfty ami ScottUh elny 
o£ Durhiim. 

llsirlni? fthttijs and gtayel^ of Marcli 

DJiiI 

Temperate laenatrine betla of H&xm?, 

Clievlot bowlder day of DurbcuiL 
Hesalis iKiwIdcr cby, 

Arrtfe h&h eif Home, 

Brtcb p&rths of Hoxbe (Aehe^llunL 
Temperate jwat of HoldereeK^L 

ArL'tlc iteftt of Holmptoik 


JSTMTTI FtHOrfL 
Clayji of Toj^fsleiL 

F^trfit idaclatloQ of norLh cJemiftay and 
Holla lul 
t^hlef terrace. 


Oidpr lotprefoptiil of nmii Germany 
mth CorhUruia /tuminalU. 

Carina mnrlDa of TNiamtirk: nad 
Holland. 

Sllddle terraeo of Ehlao. 

Sceond i^bidaUDti of north O^rumny^ 

Seooiiil Inter^ladiiJ of Nartb Gernauiy. 

Baltic {;laL-lnitDn of north Gemmnj'. 


TJiAMEfl VALJjjt* 


Acceding to Messra. Hinton and Kennard (78), the Mstori' of the 
Jo^i'cr Thames csin be dudded into tlie following srtagest 
T Plnhkftn ^vel34 formed, 

2. Hill mnveiri fomiiDd r CbeLlchh Itnpiemanta In places 
a IJiaiiPst Uf TliJinii™ tm f«t at Diirtford Hentli) Ciirlifeuto 

fluiitinnlM, 

4 Kleratinii of go furiujitJoa of lOO-fiwt terrow, GaUey mil 

ama. Blcphon. fje^, tlippaputamu*. pauno at SwitaMnmhe tiKluC^a 
J^rtcrotof iHtermeiItu*, Reindeer, Elepfutt antiijuun; Acbeullnn. Mr. 
leacli, OB a reanlt of S&TcstlBntloiis of a Dartfoird Heath, so^eiited 





312 ANNUAL asinnEoiciAs lysTrnrnnK, UJ17, 

that the jao^foot and iWaoi temiCM rn^ not renlljf hut 

Mr, Meurktop found four p.eil-i..urke.l tcrrp>^u8 In 

at Fflmtrtun, e^^deutlj' wrMsponJI he to tliosc of tku Thmn» 

H BlevSiou of ulH.ut (JO feel. A very long perimV of Unw oli.psftl tUer 
L Than..* touehod Ita new tuiiw line, for Ihe hitei-Ld erosion uaa 
LmiouH. -Thu eslMFlve gmvela of U^e mlilOle term® were d^ 
rosltedt With hrlck earth* to the eort. These brick eurtlia moirt 
hare hi»P Inht down In stHl or jjluw-niciTlnff water, nnd the authota 
micRMt that dio Thamca wua at thhi rerl«l poiiUBa bock omIhe to 
■llffvrontiul eJiwatlan to ilie nortli. reaching n niaslmuiE orcr the 
creat tint phOii of the Tiorlli Sea, Tlio contMuporaneons fnuna In- 
oludo* i'lrpJhi* prta..>-ni«#. E. ^ntlquvM. ^AiahorrM «eporhfa«.. 
JL Icp(t.r/H»«a, «. nnffijuffiKfi, OHior and iptrarophOiw 

Mi>qjstorSttaa 

K. Kle^otlim Ilf Bboal 20 fwt, A fourth terrace of gravel ("third ter¬ 
ra™ "> .h-uoBltcl, lletrtiiiir on this terrace at Ustlirfdge a™ Majhia- 

T, Orwit clv^Titlon (at leHfrt ^ ftimintldia «f hnriod t’MfiiwL 

a amiltiiil tiltiklDK to pressnt 

For many reiiBOHH the 130-foot tttvtl iower terraces niu.st l» mnw 
i^nt than thu imsiniuni pWiat’ioti bowlder day). Pru^ 

ahlv tui sUfrETSted bv Sfr. Salter and by Messi^ Sherlock and Noble 
(T»)l prior to tliia iho Thaines occupietl o inore northerly course, but 
ins forced into its pnisent posiitoii by tlio See. 

Tliat ll« cliniate wns atiU cold when the terraces be,pttt to 

be fomicd is eliovTn by the animal remains, which mclnde reindeer 
and Vftw/ixe, but it was aniclioiatliig rapidly, and final y penmttcd 
the Dteaence of mppepetamuK. The occurronce of Corbi^a itumi- 
aalk in tlm g^t'cls of the highest terraces aUies them with tho 
nmrine gravels of March and lioldemcss, already described. .\c- 
cordiiig to H. Menzel this moUnsk is cliaracteriatic of the first mter- 
clacial of the whole of northern Euroiio (i. e., after the first glacia¬ 
tion of north Oermany), The presence of Pahtdha dUuvk^ is also 
characteristic of the first interglacial of northern Europe. 

The fauna of tlie middle terrace^ deported after eonsidemble elexa- 
lion is very peculiar, containing a mixture of warm and cold forms— 
the ptesenw of mMehttwi and SpcntwphUxit indicate a much 

colder climate than lUppopotomne could csist in, and there ore also 
tt number of deposits oil this horison which indicate very severe 
climatic conditions. At Grays and CVayfoi-d the brick earths cover 
naleoUthic floors with Mousterian Implements. A similar floor at 
Stoke Newington is overlain by lhe*‘ warp and trail ” of VV. G. Smith, 
genemUy considered as evidence of a severe climate. 

On the same level ua the third terrace, but In the Lea Valley, and 
also both overlain an<l underlain by brick earth, are the arctic glacial 
beds of I'onders End, described by S, W, Warren and othcre in 

im (SO), 
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The pluirif^i'i^gnin Jlom mdicuLfiS comlition^ ^nly found to-dikj witii- 
in the Arctic Circle, but l&si rigomtus tlmn tlio^e at Spitsbergen. 

The sequence of stages in the Tbatues Valley may accordingly 
bo umde out as follows: 

1. iataiJiuuiu jflArlfltlon of eaBtem i:nf^DniI—Cliiilkj bowldor claj uf 

Fiiicbley, 

2. HIgliest UEid 14XP-£^L terriiccs of TJifiiau^ with €crb(tnthi ^unttn^^Us 

a^nd CbcUoan amj AeheuUaa 4:vmospo[i4 u> 

I he marErui^ of Moriah &ml tloldcnimi. 

X l^erlvKJ of cn»don. 

MhUllf! temiw, teiuperate nr flnjt, but bocumlnj^ mid later* Acliaultaa 
itoiujterJiLij. 

Ik fJold prrl«ML Arctic Ijoja of Lea Vulloy; '^TATirta utut titUL** 

e. liircwUm, late ^rouL^teriun porlwl; no pvldeneo luf to eJlmato. 

T. Low terrace fomietL rrobnbly cold. Solutrmn t,u ^[ut^lnlcaiaii. 

The correlation of the Quaternary stages of ca^dem England and 
the Thames Valley with those of Eiolliiikd and north {iermany h very 
dear, if ordinary stratigrnphical and paleontologieal nietbod^ are 
employed. The Cromer forest lied and the Tegelen plant beds must 
be equivalcM.^ cm the grounds of Iwth slraligraphy and flora. Eadi 
W'as immediately followed by the maximum glaciation of the district. 
The close of the glaciatiun wiis marked in each case by a submergemM?, 
characterized in the north by marine fonnatiohn (irnlrlemest^ gravels^ 
ICeiii lieds) and in the south by river terraces (ISO-foot terrace, chief 
terrace). The clinracterLstic Sfnllii&ti of thew Iwls on br>th sides 
t}{ the .Xortli Sea are, first, Corbiczcln fun^n^Jis* second, Paiudinu 
Finally, we have in hoth east England anil Holland a 
minor glaciation, a^ocintcd with the Mousterism industry, and with 
the middle lerratre group of the rivers. 

SOUTH OOAST, 

South of the Tfuimes Valley no l>owider day is known, but tliera 
are other evidences of a sovere climate in the roombe. rock or ^iieatl*^ 
and in the pre^nce of large erratic bowlders 

The section at Brigliioti way described by Mautell in iS^i (HI): 

a, Kleplinnt l^t (cooiubc rw'k), 

b, Audeat twitu urmtJtMl* 

(L Aaelent siiiniL 

tl. rtf rtf chalk rcM-k. 

Accor<ling to Mantelh the juncllcm of the coomiw rock witli the 
shingle WHS marked by fi layer of shellsp including Cardtum 
Afyfilu^ tdutiSf Litortm Utorear and Purpum lapiltm^ but in 1914 this 
was not viHihJe; instead the junction was markod by a layer of chalk 
pebblea A' few hours' search Jti the shingle beds jTelded a large 
tiuuiber of erratiea, many of them gray and pink granites of north- 
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caatorn typ^- Id the ixhjmbc tiJck implements of AclicmUuri-MouB^ 
termn typo haTe bwn found near Brighton* West of Brighton tboro 
is n. seel ion at PortsLade: showing typical ^head"^ underlain Ijv sand 
and clay with Zit^ina^ and pebbles, ^mo igneous. 

At the bottom of the sand was found a piece of hard purple ^uart- 
xite, 4 inebes long* ciuite angular, and broken into two pieces in situ. 
The marine beds here are about 10 feet lower tliun east of Brighton^ 
either because they were formed farther seaward or because the 
submergence at this period diminished westward* 

At the base* resting ou and sc|Meessed into BrackIc^ham clays, arc 
the Selsey erfatiesj overlain by marine and estuarine beds with tem¬ 
perate (soutLicm) J[oUm=ctt and redeposited erraiics. The iloUu^a 
include {/or^hytila and hMifncuIntiu These beds 

ans overlain by the raised beacli, resembling iliai of Brighton, but at 
a lower level, and this again bv “head,^ here a loam* 

Farther west the raised beach and heat I arc well seen at Selsey Bill 
and near Chichester, but llie phenuiniiDa here arc more compticaled* 
They have been described by C. Reid in several papers Reid 

forrelutea these tempenitc deposits with C^>-Mruia /f.umliuilk with 
the Thames gravels with the same shell, the Clacton ntisod l>eaoh, 
\vith fiwnttmilii and PaladiTiii dilu'^'i^na^ and the graveb of March 
and Holdernes^. He remarks: 

Tlkongh the land aial frwti-wnter shutc Uttte t^f rUmnte tkc- 

twoen snatti aod eaitf, thotu exUilB a umrked dlfTerciKe In (Jic marine 9J:uUiia<.'a. 
la tlic maftiie ref^sSlB Heem to Itiillcate a st'a vvuniicr thsia fbe sir, 

wLlle la thu ixiaattetf lite alp wwh apparciuly waraitT than rhe sea. 

Till' Selsey rrninsuk is hacked by a Utie of old, cliffs wliicb cut 
nblicjuely acrasi. the chalk and Kooeiic, and associated with thi>j in 
places are rvtnains of the corresponding jiiariue sands and gravels, 
at a level of about JOO to l(>,i feel at Tortington CiHtitnon, IdO feet 
near Arundel 90 feet near Bosgrovc, 130 feet at Waterbeuch, where 
it enntains largo blocks of /*Aofrt«-ljorefi anti wotm-otiten chulk. nmt 
occasional small sheila; Here it is ovcrlnin by cocoulie rock, chalky 
paste with angular flints, which passes southward into loam. 

North of the Ohalk Ih^wns no tiiice of these juartno deposits has 
tieen found, so tlist tlie BiihmergcnJe must be older than the erosion 
of the valleys* Further* as the zuariue sands and shingle can not be 
related to the miich lower l»ach shingle at Sclsey and Brighton, they 
must correspond to an wirlicr siilmiergeiice of IfK) feet, whirh may 
be related to tlie aubmergcnce of 100 feet (130-foot temce) in tha 
Thames Valley, immediately succeeding the first glaciation. 

The large bowlders of the Selsey foreshore must have been ice- 
caTried, and evidently indicate a considerable imbmergeiice, for ihi* 
lea which floated a 2-ton bowlder must have been thick, so that it is 
probably not far different in ago from the raised Ijeuch of Cliichester 
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Further west, occurs the ramd bench of Portstkiwu llDh near 
Portsmoutlu at nejirlj IQO ffiiet ubnve .sea level, ile^icribed hy Prest- 
wicli (8^). From here he traced Uie benches iiioiig ih^ south coa^rt 
into Devon, Cornwall^ and South Wales, finding them at the foU 
iiiwing levels: 

nml Frefihwaiter. 80 fimfL 

rnrttaiict Bill, 24 ftvt i*i ^ nerlLwartL 

TiiHiflrt ^ 

EMrieoulh, 35 Tiiet 
Ijuid's EntL abaut 20 feet« 

Newqiuiy^ 10 0> 25 feet 

West an Kuper Mtin*. 25 f«t < 

fkMUh Walea, 12 la 20 fecL 

Tl^e bench at Portlnml Bill eonnista on the western Kide of 
iinfo-ssiliferoiis sinngle, on the east, where it was iitorc sheltered, 
of shelly sand giving the following section: 

4 Aupnilcir met df-brls (" hftnd*'), 5 fi'Ct 

3, Idom Witt lAtiici Kb#!U.4 and of auyttln? df-ljrl!?, 0 fecL 

2, ^nilp 14 feet, 

1, Harj^ liearb, fset. 

The shells in the sand are often very abundant^ of the usual north 
British type of rhis raised beach. 

In south Devon nml Cornwall tlio beach is overlain by anneU ivith 
marine fossils—limpet, musset^ crab—this in turn being overlain by 
*^hewcb^ In north Devon, accrording to IT. I>cwey (SI) the sBtcees- 
sion is: 

Bed Df reDndeil (?)« 

Head.'" 

Cemented so ml with warm temperalp fnniia (HrUjp r^r^afn^ IL rttifftniutp 

lutsefl TieacJi W'lm IwiwliJerw, from we?tt Bcotlanit 

Tn Glamorgan (Kast Gow^er) the relations of the mise^l l>ench with 
undoubted bowlder clay wem maile clear by Mr. Tiddeman 
ihn general aiicce^ion being— 

5. Reeein bead. 

4* CmveiJr twwider cisr, 
a, AnHent beast 

2i Blnwn Hand, nften wnH'ntftl fnfo wniai nv^, 

L liaise^I benciif wltli WTotlca 

Tins bowlder clay containa materials of northern and northeastern 
origin, and is shown by the stri^se associated with it to have conic 
from those direct ioubl But there oeentj seafiered over the hills, 
large crmtles which can only have come from the west, or from 
the shores of the Irish Sea, Thcee include many from St, Dnvid’a 
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Heady Tolcamc osli. probably from Skomcf Island, and also cbalk 
flints. These presumably come fn>m another bn^^rlder clay of west¬ 
ern and northwes^tem origin^ which has been destroyed in most 
piacesi The only section in Glainorganshira where it has undoubt¬ 
edly been found In mtu is at Pencoed. Here a gTavelly drift, packed 
whli rounded bowlders of Pennant grit^ niauy stria icd^ witli lanticn- 
lar bands of gray sand or fine gravel containing coal duslt m sepn- 
rnted by a sharp undulating junction from an underlying ml clay 
contaming contorted bands of fine snnd^ and including^ besides locaL 
rock, western erratics and chalk fiintSL A similar red cbiy occurs in 
the Ewenny Yaliey, overlain by gravel;^ which iiiny ho either a river 
gravel or the southern oxtcoflion of the gravelly drift. Its western 
erratics and red color^ taken in roujuiictioii with its di^^uiitmuons na¬ 
ture, sl^ow tliat it is older than the gravelly clay overlying tlie raised 
beach. Tlie relations of these older glacJal remains to tho raised 
beach hove not yet been eouclu^sively determined. Pebbles closely 
rc^mbling chalk flints have occasionally found in the raised 

beach of Cfovvor; it is possible that they may reully be CarbonLfercnis 
or Uosaic cherts, but if they are flints they are strong evidence that 
the glacial remains are older tlian or contemporary with the lurach. 

In tbo ftower Peninsula we also Iiave lha raised IjeHch associivtcfl 
with cave dep<K^ils cuntaining a tem[>erate fatxiui of Chdlcs type. 
Tlio general soctinn as described by the late TT. Falconer (86) is: 

0^ THirk Cotumi cave eurtb wkh aiuleut HrltTsh pi^Ut^ry, 

4. StalftEJTvite with Ume^tone breccJrt 

ft, Octiomn>i cave loniu acil Uarit fuind {EtfyfihitM anWfitm, 

teptorhinv*, Rh, VToif, Vrin$t, CfTrwj, 

Mrh* tffJDHi im4 

2^ Stala;oiiite. 

1, VeSluw Jilisiumtln^* with sliellri of lUminn mdls awI UlcmtU, 
and nt the top nJ^rlc-ait#, 

In Minchin riole tbo utnnunalian remains were found actuallv in 
ihc marino sund, nnrl If wo accept Falconer's conclusion that t bo 
mnrliio sands and the breccia of (he caves correspond with I he mis w l 
beach and the lower ‘‘head,’’ th* jmanunalian retnains must bo 
earlier than the ^aveUy bowlder clay, 

At Milfdnl Ilayen the rnirts^l beach overlain by “ lieacl'* la only G 
feet above hifdi-wnter mark and farther north it ^dually descends 
toeea level. 

The interpkeial atff- of the fauna of the flitwer Caves Is further 
Imrne out by the twinenco of dep^isits in the caves of Pont Kewyddt 
near St Awiph in North ^\’alea (ST) where a fauna almsst identi¬ 
cal with that of fiower was associated with a human tooth dnd 
with rude, liatcbebbilieped implements of quartzite, made from peb- 
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bles wliich muist- hav© been nbt&ified frum the oeighburing gluckl 
drift. The sectioD is: 

4 wJtli dn^Iar and him] pebbles of lime- 

irtciiie uEtil pebbles of I>eiil>lgliAlilro f^piti^iotie nm! fulstooo, 

ete.* nfttl bonea af tho usual Cftve tnnnEuulliLp 
SL StfllPEtnltle ermt up to S feet In tblcknesr«. 

2. iMm ijobbtf^ and tbe bontm oml loiplem^Ua dem-rnietl 

dbini!. all Jisore of lefci eenieoCed, 

L OfittHse siheily ftpfid- 

Xear the biontli. Na 4 appears tn paKsliorixnntftlly into a contlnii- 
at ion of the upper Iw? wider clay of LanedEThire^ Cheshire, and Flint- 
sliire. W. Boyd Dttwhins considers it to be derived from the wash 
of this chvj. 

From these details eertain gonernlibations can tss made about the 
raised beaches. The first is that at Selsey and Chicliester there are 
evidently two raised beaches, setiea of different ages, tbe older one 
represented by tho marine sands of Chichcistery the large erratieSj 
and the clay with a Pleistoeene marine fauna, though tho laiteff 
Inking now about sea level, reprEsents only a sbght elevation. Tlie 
younger, the raised beach of Selsoy^ passes np into the ^ head " and 
must be of very nearly the aune age; this characteristic directly 
connects it with tho rai^ beach of Brighton. 

Farther west and nuriLiwcst the rai^aeJ Ixcachf^ descend gradually 
in heigliL to seu level, und there la never any sign of a duplication. 
They never pass tip into liendT” and are occasionally overlain as 
at SeJsej, l^ortlandj and in Xorth Devon by martne or icolian sands 
with a temperate fauna. In the Cower Caves tJie rai^^d beach 
[)Eisses up into deposits wdth a temperate mammalian fauna. 

^larine shells have been found in the beach itself at various lo¬ 
calities: the a^spect of the fauna as a whole is rather northern than 
southern, but without any peculiarly arctic types* All the s|M>cies 
inhabit the Brlti^rh coasts between Shetland and Torksliire, and 
Jeffreys regarded the fauna ns similar to that of existing Shetiaiul 
beaches. 

On the otlier hand, the beaches often contain ice-borne bowlders^ 
so that they are evidently in part eontemporaneous ivith a glacial 
period. A niiiidwr of factors, especially the Chellean fauna of 
Gower, the presence of Corhfcula fumimUs at Selsey, and the oc¬ 
currence of Achenlian-Jloiisterjan implements in the “hcad>^ com¬ 
bine to indicate this glacial period as that of the North Seii drift 
and chalky bowlder elny. On the cast coast there are raised marina 
detjoails from just before, during, and jusl after this glaciation, 
that it is probable that in south and west England the raised beach 
represents tlie whole dunit ion of the cold period- In such case, the 
iLiatcriak would be constantly sorted by the waves?, and tbougli large 
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erratit^fl iai|jrht orrasipitnlly survive! frimi tlic pc^rioi! of ^-ontest cokl, 
the Kiolliis<^ii fttiina of ihc beacli would be thut eiistin^ wlit^ji it wii3 
finally elevatenL On these graimds the raised beaches and associated 
deposits of SiHitti aiul we?;t Englaud enn l>e tabulated and eorrelatoil 
as follows: 


North Soa drift Chiilk> Lowldvr elaj-- 

Marine grtivelit af March uiel Holder^ 
ness. 13D-fao€ terrat'c wf Thariww. 
lOQ-foot lemice of Tlyiiiic.^ TeiJt|M?r- 
Eito ImnIs Ilf lioxiie. 


M Iddle of Timtuc^ Wii rp and 

Arctic U^^la of Pviudcr^s l^ud 
and llDxne, HcbKic tmwUIer irUiy, 

The Upper Head of Gower may belong to period No- 4 or may bo 
eojitciupurury with the lower terraiT! of the Thames- 
I'liere m no evidence that the south of England and ^uth Wale^ 
have ever beeu below their pre^sent level in postglacial (or pewst 
‘" beail times, if we the faint suggEsdions put forward for 

Soutli Ihjvon by ilunt and Kogers imt then* Is iiliundant e\i- 
dence that the hmd isiijoii at leaM 80 feet higher in the submerged 
forest^ period. Tiiesc forests are all neolithic, hut to approxi¬ 
mately fill that period, sinco Ijoth early and Into neolithic implement 
types are represented. The fliini is pemr, anil composed of widespread 
species, and so gives no ilidimtc evidence us to c! ini ale. C. Reid con- 
bidens the subnicrgem-je to have been fairly rapid, and to have tertni- 
nated aboiit flJiOO years ago? it has left a triiditiun that St, itlchacrs 
I^loiuit onee rose from the midst of a forttstp 

SOUTHWEST K?iOIANn. 


BIIITTII WEST KTiOU-^lk. 

1, Ilofi lilcT r\si^ of Pencocil a&il aeot- 
temf ermtlca. 

2- Itiilwil Ixmtli uf Chlcliester nml tluj 
west 

Z. K^ftuarlao of ^larlne 

aial a'allan of Devoa with 

iuiii{erale fuuact. Clielu.'^ famia 
of Oavea, 

4. Ttnlfii'^l bcficlt of Solney aaU Elrl|^-^ 
Idcu HeaiV* clravelly Ihcwltler 
'^Q.y of Gower. 


Ill nort1t^e$t England wc nginin find n tripartite division of the 
gtucial deposits. At tlic bust* is u linrti, stony till with luRrine shells, 
overlain in many places by deposits with erratics and occiisianaliy sea 
shells, hut only .wch as could have been derived from the ncigldjor. 
lug bowlder clay; they include tlic well-known dciMitiiiUs of Moel Tre- 
faen and Macclesfield. At lower levels these sands and gravels are 
overlain by se^.'t^nd bowlder clay, Ko cvi<lenc« has yet been brought 
forwttix] of contcroporaiy fossils in the sands and gravels, and there 
is no evidence that tliey nrpreseiit more than an oscillation of the ice 
edge- The lower t>owIder clay is in general gray, and giv-es no evi¬ 
dence of a much greater age than the upper clay. 
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Very occAsioDally iBdiesilioBS are fouud of n much -oid^r Kiowldi^r 
clay separated from the later clays by a true intei^lHcial pericid* J. 
D. Kendall gave particulars of a number of borings at Liudat 
and Ci'Qssgates in Fiirnfi^St in which a bed of vegetable matter 000 
yank long by WO yards wide was found between upper blue and 
gniy U»>vlde.r day mul lower re^i and gray bowlder day. The red 
color of the la I ter prubiihly reprcfwnts an old weathered aiirfare^ 
There are a numlier of similar vcgi.'table deposits in North La^n- 
cashire and West Cumljerhind, w'bkh ara referred by the autJmr to 
this hori^sorij though they are not both overlain and underlain by 
bowlder cby* The fiora of dm peaty depf^it. according to J\ Bolton 
and IHiss E. Iladgs^m (90)* consists of diatoznK riKistly of local recent 
specie^ with fern &i>ores^ SpAa^mniii and leaves and fruit of bocck 
It is difficult to avoid the inference of its interglacial age- 

In eiisrtem Ireland the accession is identicaU and wc have there 
further evidence in the relation.s of the bowlder clay to the raised 
bcaclies, ^hnt- all three meTnl>ers of the tripartite series correspond 
to the second glacial of England^ of the Hessle clay, and $imilftr 
relations are siiggepted by the di^veiy at Egremont (91) of an old 
fiea clifTj in^licatiiig a level similar to the present^ beneath the lower 
bow lder clay^^ of the itipurLite scries. 

It is difficult to make out the course of events in the period im¬ 
mediately following the last general glaeiiition of northwest Eng¬ 
land. Of hi ter date are local moraines in the mountain valleys of 
north Wales and Cnuiberland. They httve= nor yet receiver! any de¬ 
tailed study, but B. Smith (92) renmrkwl that there were splendid 
terminal moraines Iwtween 500 and 900 f€s*t on Black Cnmhe, in 
Ciimbcrlnnil; these prnhablv represent n sunw line at aliout 1,!00 
feet. This wronhl comlato them with the large valley glaciers and 
district ice sheets ” of Scotlandt which, I shall show, prfibably belong 
to the concluding stagesi of the upper bo wilder day gludation. No 
later moraines have been described with a higher snow Una, though 
they probably exki in the highest mountains of IVate?: and Cum¬ 
berland. 

The sequence of events on the roaKkt of Lancashire and Cheshire 
after the formation nf the up]3er bowlder clay is nithcr obscure. 
During the melting of the icc the laud apparently lay at first below 

present level, for the bowlder elay la covered in places by a bed of 
reassorted gravel, T, M. Keade (93), This waa rapblly followed 
by elevation, and the formation of river ^Tilleys lielow sea level, but 
Mel lard Beatk mentions no deposits which he attributes to this 
stage. 

Tlie next stage appears to have been a submergenre to about 59 
feet below' the present level, corresponding to the 5<Vfoot bearli of 
Scotland^ to which Afollard Reade and C. E. de Ranee attribute a 
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plane of marine denudation rising inland from SO feet to about 00 
feet and covered by blown sand of tbo later period. The scawani 
margin of tills plane is formctl by a cliff against whidi tlie deposits 
of tbc 25-foufc snbmcrgenw rest. To this submergence also Bead© 
attribute the “washed drift sand" underlying the lower peat and 
forest bed and containing remains of hastcL This oO-foot submer¬ 
gence may also be lepresentcd by the higher tei races in some of tho 
Lanciisihire valleys. The evidmr© for its csistonce is not entirely 
satisfactory, and the question would probably repay detailed study. 
After this the eucresaion is weU marked, btdng— 

1. T. 4 >wer prut anfl fuTwi bed, 

2. Foriiilij Jj^iwiwe ninrhi^ luiil Shlrdlcy fllll eacd. 

3. Lowpl- Ct/cloM 

4 Upper fKiut ibTKl forefit b«L 

fi. UpjpL'r nnil cluyfl. 

These do not call for much nemfirk* Tlia lower peat and forest 
bed U gin» witli a layer of tree stools, resting genemlly on bt>wlder 
cley. in tho valleys which intersect the SO^fekst plane of demidution. 
Thtf:y lire overlain by peat up to a thickEioss of 4 feet. Tlie ebameter- 
istic tree is hsistel; has been found in the 

The Fotinby nod I jeasowe imirine beck and a^wiciated man no 
deposits form the lower plain of Cbealuro and l.iaoea.diirfs. Their 
upper limit follows tho 95-foQt contour with ip^at e.tactnesB. Tiie 
fuuna gives nu evidencii c^f a climate differing from the present* 
Tho Shirdley Hill sand consists of two facies, a marine facies at 
lower levelst ’'vitb tdtiJe equivalent to the Fomiby and 

Ijfiisowe becifi^ and an foolian facies forming old sand dunes and ex¬ 
tending o\'er the tipper pkne of denneiatton. Tlie marine beds gradu- 
ijally pass up into the fresh-w ater Ctjcl^w days. 

The upper forest bed rests on these marine and fresh-water beds, 
und extends to a depth of 40 feet below- fiea leveh indicatingr an 
emergence to at least 50 feet above the present level. The treea in¬ 
clude oak, ptQ*^f hiiKeU and birch; some of the oak stook have a diam¬ 
eter of aa much as 7 feet, so that the climate was fur more favorable 
lhaii now for their prcrtvth. TTie overlying peat reaches a thickm^ 
of iii feet^ Its formation appears to have been completed beforo 
Koman times- 

PiLsaing iiJazid, we find the sfopos of the Pennines everywhere 
l>cat covered and at present altno^ devoid of trees. In the peat, 
however, is a well-marketl fore^^t layer* cansikting of oak stook to 
iibout feet, haawl to l^TOO feet, and birch as high as 2,500 feet 
(&4). Asa rule at higher levels, the lowefit vegetation, mting on the 
bowlder clay, is of arctic type^ this ]$ covered by wtm- 

;ii.anif pcatt Oh which tho bb^ fonst grew^ and was aft^rwartk re¬ 
placed by moorland peat. At lower levek the forest bed uaually 
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mts critter directly on the bonr]d<>r eby or on silts and clays with 
nrctlc pluiits. 

The forest l>cd in this succession mdently corresponds to the 
superior forest bed of the pUinj^ aiuJ to sinvikr beds in Scatiuisd 
and Ireland; it points to a period when the cUiiuite W 04 much luore 
favorable for tree growth. As it falls in a period of elevation, it was 
probably a [loriod of continental climate. 

The horkon of the arctic bed is more donbtftiL In this district it 
has not yot heeii found to be separated from the bowlder clay by any 
teinpcmtc dei)osits, but^as well-marked ait/tie beds occur over tem- 
pernto pent in the southern uplands of Scotland and in Holdemcss, 
it is probably on the same horizon as the latler, and indicates a retum 
of cold coiiditionK, 

At this point it will be well to review the general evidenco in Eng¬ 
land for a long interglacial bet ween the formation of tbo chalky 
bowlder clay and that of the tiessk clay and other beds of ilcssla 
clay IIge* Firstly, the surface of the Hessle clay is much more nigged 
than that of the chalky bowlder clay. The latter forms n level or 
slightJy undulating pluteau surface, deeply dim^ted by tbo rivers, 
while the Ilc^i^lc clay forms a more rugged countr>" with an uneven 
surface, in the bitsins of which '^'mercaare found. The change is 
very^ marked in passing from West Norfolk to Hokkmess. 

Secondly, there U the evidence of weathering* The chalky Wwlder 
clay so calcareous that it id way a preserves? a gniyLsh tint, but at 
Finchley the soft chalk which it must onw luivc contained has com¬ 
pletely disap|}cared^ and only the hanl Lincolnshire chalk remains; 
erratics of this are itlways rounded, and rarely retain even faint 
^riations, though striation^ often ramain on the Imfd carboniferous^ 
limestone. 

Thirdly, there is the evidence of the distribution of tlio fos^iil rc- 
mains of the Quuteriuir}' inamnials. Tho dist ribution of the species 
of t*lepkas was described, with maps, by Leith Adams ^95). A7c- 
pha8 and S- m^rid^^otmUs occur in a.ssDciation only in the 

Cromer forest bc<L Efepfui^ and priflw^CTiiwr occur asso^ 

ciated at a number of points, aU outside the limits of the bowlder 
clay classed as newer* except the cave enrdis of Cefn and Gower in 
Wales;, EtepkaJi anftquu^'^ never occurs on tlie surface of the newer 
glacial dejTosits* pntfugeniii^^ on the other hand, occurs 

alone over most of England and Walea and the south of Scotland, 
and is younger than the newer glaciation* 

The Dssociation of Ft^pkas with abundant prinu^cnius 

is characteristic of the “ Cbelles^^ fauna, including nie- 

{^arhinmj A\ Mipp&potanuis ainpkiliu^^ and other spe- 

c'i^ The southern limit of the newer bowlder clays also forms the 
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northe^ETi limit of the? iH.-curreni^ of Chetlcan nntl AchenUmi iJApie- 
jneDUi ia lociiily jwatgluciul tlepcKsiU, TI 10 (JlicUes'^ fuiiiia h thus 
evidently younger thnti tlie older bowlder clsiy and older llian the 
younger bowlder clay, und as it bigbly ilcvdopeil and of a very 
teni[>enitc fiicies, it mtbit reprvFsent an iatergliicbl period betwi>en 
the older and newer Imi wider clays* 

Fijurthly, interghuriiil conditions, iici-orJing to C. Eeid (IM'i) are 
show n by the plants in the fw^iliforons deposits at lloxno^ Hilcbin* 
ilniySj Selsey, Stone^ and >Vest VViLteritig, wliere beds containing spe- 
ciea which now live only in warmer distrlets ore overlain by deposits 
of a cold or even arctic dimute* 

GLACIATION OK SCOTLAND, 

In Scotland, where theemintry nwro mountiiuioiis, the tempem- 
tiire lower and ^he precipitatitpn heavier thnn in Eiiigland* glaciatiun 
was proporlioiiately more severe, and we inuy accordingly expect to 
find very few tnices of any beds earlier than the lust gene nil glacia¬ 
tion, TiKise known can be described in small space. A number w^ere 
nientioiicd by the late J, Geikic Great Ice Age ''■)» 

At Clnvfi, near Inverness, is a fine clay containing nifirine shells 
of nortliern species betwefln two bowlder clays* This bod was in- 
Testignteti by hlr. Fmwer in 18?^2 and ilr. Crosskey in 1886, and each 
of I hem considered it to Iks in biIu, a nd indicating fi submerge noe 
of over ^00 feet, as did the majority of a BritLsh association commit¬ 
tee which investigated it in 18il4 (07). The deposit is 16 feet thick 
iind extends for a distance <if at least. IfK) yards in a w'ell-nigh hori¬ 
zontal postilion. The ^diells are remarkably well preserved and the 
deposit is not distuHwd or cnisJied in any way. The fauna is not 
intensely Arctic but implied c^dder conditions than die present, ex¬ 
cept that many of the Foraminifera are now found only m tropical 
on[l tempemte and not in ^\jctic Seas, H. Mnnthe, a Swedish geolo¬ 
gist who visiltjti the section in IflWfi ctinsidcreti that, while the 

orpunisms from the top and bottom of the section are suharctic, 
thos^ from the middle are temperate* so that the be<l shows a complete 
climatic wave^ but no other geologist has reniarkc<l this. It is over¬ 
lain and underlain by tough bowlder clay* neither bed being of the 
loose iiiornine type which chameterizes the latest glaciationi^ of Scot- 
liind* The similar deporit at Cleongarl, Kintyrc, was also investi¬ 
gated by theBritisli ANiWiatiem committee and by IL Mnnthe; here 
the ovidonce in favor of the deposit being in situ is still stronger* A 
fine ghrily clay rests directly on coarse gravel with a sharp horizontal 
junction, and overlain by a dull reddish bowlder clay^ The shelly 
clay has l>een futmd in section in the sides of Cleongart Bum and 
Drumore Bum, about a imle apart, and Tangy Bum, 3 miles farther 
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8011 1h. At ClcoBfpirt bores Yrtsri? pat down diowLng tho continuous 
UiJi'iscontui «!Xtdisk>u of tlio clny for nt Icitst 100 and the coin- 

ttiHtro ccjtiid Jer that tha bed probably extends triotis or less continii- 
oualy from one gtei to allot he The top of the clay is from 130 to 
llfO feet above the The Jloliusca are nurtbern ami oiueb broken; 
some of them also extend sonthward, and most are still Pritisin The 
Forundiiifeza are in iiiniij eases soiithcrn* Here aliso Muiithe con¬ 
cluded that the cirganistiis from the center of Lha deposit are of 
warnicr types than tho^ from the toji and botloiiL 
After tike last gcnvnil glaciation of Scotland there appear to have 
been local developments of glaciers of decreasing iituKa-tjince. A 
siiuimary uf his investigations in tills (xuiucction was given by J. 
Geikie in 1906 and pigain in 1014 (09), After tlie tneUing of Oio ico 
of the liiSl mer de glaei\ the land sank alaiut IW feet, ami there was 
n recurrenro of glacial conditions^ forniing piedmont ice sheets in 
the north and large valley glaciers in the ^^uth. The sea lochs of 
the north were largely ocenpied by glaciers^ wIdcU calved and 
dropped blocks m the lOO^foot raisiKl beach. Tlio fauna of this 
beach is arctic. Outside the regioa occupied by the glacier^a in the 
f^nitb^ tlic Itiwe^ layer of tlie peat Ijogs m an attic plant bed with 

and £/rym The level of tl^ 

beach reaches 130 feet in Forfarslilre; from tliis height it diminished 
to less than 100 feei« 

These deposits aro considered by (leikie to repre.-«?nt n complete 
glacial periodf hi!^ MecklenbiirgiatiT separated from tiie last mer do 
glace by an IntcrgJaciah but I can not discover any reference to 
iiiterglacial deposiLs which can be referred to tldti pcrlodj tliotigb 
condition^ ahoiilLl have been favorable fur their preservation. It 
beema more probable that the moraine and llie arctic plant beds 
represent the eoncltidhig stages of ihe last mer de gkce» 

Tills submergence and glaciation w'ero followed by an olcviuimv 
Ijo above present level, during which conEiderable peut depo^^Sts were 
formed. At the base ia a forest layer with Iletula nZirt; above this is 
In many aocoixliug to Jamieson, these 

peat beds rest on marl beds containing skeletona of Cer*v\^ m^OjCeros 
and Bos prlTJu^rmus^ During this period the thick and extensive 
uccumiilations of ihe lOO-fcniit beach were largely removed by Uio 
rivers^ Alluvial flata wore formed at lower levels, on vihicb thick 
layers of woody peat were formed at and below present levd. 

Eene\v&:l subsidence brought about the lonnation of the 45 to 50 
foot beach, which in places directly overlies tlio alluvial peat just 
mentioned; moreover^ the bottom of this beach is often croAvded writh 
leaves, twigs^ branches, and occasional trunks of oak. alder, hazel 
oud bireb. In tbq river estuaries the Cari^ clays Averc formed. At 
the bead of Loch Torridon well-fonned tenmnal moraines rest 



324 ANNUAL fiEPORT fflfflTH&ONIAN INSTITUTION, Wll. 


recLlj upon this Lx^a^fh; elseivliere in the northwcsrifc Higblanda the 
ruisvci beachf wkieb is developed tit the seaward enfU of the lochs, 
maj be absent at the upper ends, possibly bn^eauso the ice ibcii rKicbed 
the seiu T]ie snow line at this period stood at 2,4d0 to 2,MO feet. 
The Kubmorgenco was in fact associated with a told period which, 
in the peat b4>gis outside the limits of the glaciers, finda its e.'cpres- 
$sion, in artio beds with Saliw iUrr&iKva, S. 

and Emprfrtim^ viijrum^ The ilolbisca of the 45 to 50 foot beach 
are mosily of local specieff, with some northnrti fonris. This sub¬ 
mergence wna followed by a reiiewed elevation alKive the present 
level, accompanied by a drier ntid wwniipr climate; which perinitted 
jireat pines to glow mora tlian 500 feet libovij tbe present limits of 
tree griiw'th in the Highlands. This forej?t pcritxl extended even 
to the Orkneys, w-here conifers are not now indigenoiiSs, for in the 
Bay of Ska ill occiu*s a fruhnuirine forest with roots of small firs, 15 
feet below high water. 'This upper forest ki3"er is agnin overliiin 
by Sph^^Tmm^ peat, indicating n rcliim of moist conditions^ 

In the moiinfains there appears to have been a very slight rc- 
crndence of glacial conditions? after tba valley glaciEitiori of the 50- 
font beach period; Goikie wri.s unable to find miy direct evidence as 
to tbe horij^on of these glaciers, but correlnted them with thl^ upp^^r 
peat layer, 

<>n tbo coivsts them was a rencwetl aubmergenco of 25 to 30 fret 
clecreHsing northward, the lieachcs of w^hich occasionally overlie a 
fnn;^ layer, which may be either the upper or lower forest layer. 
These beaches were ctnrrhitcd by Geikie with tbe upper Sphof^mm 
peat anil the corrie glaciers, but this seems unlikely, as the beach 
nowhere contains any suggestion of a fauna of northern origin, and 
in IWtf Molltiscri were describe<l by .Jii.mie.son (100) as fiecming 
^ho have more relationR to tlic south than to the north* indicating a 
climate if anj-thing milder tlian tlm present;’* the corresponding 
beach in northcftst t inland has a decidedly w^arm fauna, but that of 
Liancaallirc givies m> definite indication of a climate differing from 
the present. According to J. Geikie, neolithic pine diigoiit canoes 
liiive been found in the Carse clays of the off-foot beach, but this re¬ 
quires elucidation, for they ate stated by Jamieson (100) to have 
ocvurrcd in the deposits of tlie 25-ftiot beach, 

The Biicces^ion of events out Lined by Geikie is confirmed W'lkh this 
ejEception of the 25-^foot beach by Tjewis and G. Samuclsson (101). 

The occurrtmee of the arctic bed overlying the lower forest bed 
in reginns w'hiph w are not occupied by the glaciers during the valley 
placiati'^n (M-foot beach) is considered by Lewis a€ proof that that 
glaciation was due to a return of cold conditions after the climate 
liad once become tempera le. Lewis has also found the arctic bed be- 
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tween two forest liiycrs in Ko^s and In the Shetland Islands^ but in 
the Hebrides the upper forest layer b absent 

Lewises coii<:]iidon^ about the peat sections were confirmed by G* 
Saniuel^zif a Swedifili geologistj who visited Great Britain in 
(lOS). He found, the two forest layers separated by tho arctic bed 
and pent iit several localities in Scotland. But in his endeavor to 
correlate the Scottish peat mosses with the Sw'edbh, Samnel^n 
adopts J* Geikio'S classification of the Scott isk depositi^ and regards 
the 100-foot beach os couteiiiporaneoiis with, the ToMm sea* He is 
conse<iuent1y obliged to correlate the cold 50-foot beach with the 
warm IMorina sea, and to omit tho Sr>-foot iwach altogether. But 
both 25-fQot beach and Lii&rhia sea appear to full within the post¬ 
glacial dimatic optimum^’’ and to form part of a ffcrics of raliiied 
beaches wuth warm fauna occurring on both sides of tbq North At- 
lantic, in Green land ^ Iceland, and even in the .Ajctic Ocean, which 
w ill be referred to more fully later. The warm, dry upper forestiaix 
ends in tlie bronsse age, as does Blytt's warnij dry stibboreal period, 
l^it as the arctic bed corresponds to the lust glaciation of north Eu¬ 
rope j the Sower forest bed innst fall, not in ElytL^s boreal period, 
where Smnuelsaon pnt^s it, but in the last, interglacial of north Eu¬ 
rope. Blytt'a boreal period seems to be unrepresented in Britain, 
but thb is not surpriring, lor, os described lat^r, it is also unrepre- 
Bented in the peat bnga of north Germany. 

My own views of the correlation of the Quaternary deposits of 
Great Britain are shown in tho folio wing table: 

05133“—ait 1017-22 
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7, IKKLAND.i 

A tripartitje ilivisjon of the IrLmh glwciai series hfls often been 
cbimed, aJid as oflen denied. That this division exists in the north- 
east, and sontheost of the ctmntry I ani o<Kivinceil, from an 
exhaustive study of the litemiurej bomo out by n few sections 1 saw 
in 1014, but there U much question ns to its meaning. Tlie dower 
bowlder clay, ns described by Hardnian (I87l))|, is very tough and 
marly, generally blue, griiy^ or reddish, w ith angular and rounded 
blocks, a very considernble percentage of which is often iiuide up of 
erratics wbieb liave alnus^ invariably, when their source of origin 
can bo recognizetl, been t rfinSfM>rted from the north or ejist. In 
places they ronttiiit iiiarime shells and Foraminifem. This bowlder 
clay is of rrhilively rare occurrence. 

Tlie iio-called uiid-glficial jdands and gnivds com^ist of a tuoro or 
le^ia horizontal, stratified .sheet nf gravel wnth interciiljileil \ k ^ nf 
sand and clay. It is especially well develoixid In the centml plain, 
under the name of the limestone gravels.^ The constituents of the 
gravels are essentially those of the bowlders in the lower clay, even 
including marine shells, but the lelative numbers often differ. The 
pebbled oecasionaily retain glacial sirise, and large bowlders are not 
infrequent. 

The mid-glacial gravels are in places capped by the npjier bowlder 
cla\", which is commonly looser and sandier than the lower, and often 
brown in color; the bowlders are aimilar to of the lower clay, 
with the addition of some from sources in a very diffci^nt directicTn, 
and with a far higher percentage of local material Marino 
ahelLs are almost entirely absent. The uppei bowlder clay is fre¬ 
quently capped by gravel terraces and eskers. 

It is exceedingly randy that any indication can. bo found either of 
temperate interglacial deposits or of a great difference in age be¬ 
tween two bowlder claya Tins critical area that of the *'■ pre- 
glaciaP' raised beach of the southeast. This, as described by W. B> 
Wright and Tl B. Muff {103). extends from Cork to Wexford at a 
uniform level of about 10 feet above the present beach, possibly de¬ 
scending slightly tewoivJ Wexford, In level and in the general se- 
qnenre of deposits it is so exactly similar to that of Bourh Wales that 
it ia impossible to doubt their correlation, but there Is one difference: 
in sonlhea-st Ireland the beach is overlain by two bowlder days, sep¬ 
arated by sands and gravels* The general sequence is: ' 

a. Hplier " head ” 

7, Upi»r, loose wiinlj* twwliter clay, 

C. Saoilff pnd pnavela 

iTfl tliLi diitM wtihnflt tiamt«ni rtf-oT to Mr. LJoj^ Bttnkagfapbf 
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J3L Lowtr, nmrly bon-UJiir vliij' wttli HtwLL^ 

4+ LcWf^F " h-rticl.” 

3, Blou^p imticlsu 

^ Ralaed bi^nrli i;nivi>ls» wiQi orruttM ffoiii tht? easL 

L Beach plntff^rm, 

Un fort Tina lei V tio fossils hare been foiim^ in the beach or the blown 
snndst but, by analog^' with Gower and Selsey^ there is little doubt 
that a warm period inten^eued between the floating-ice period of the 
micod beach and the glacial period of the lower bowlder clay. The 
latter must accordingly cormpond to the bowlder clay of south 
Widest, and fo tlio second glaciation of England. This interpreta- 
tion m supported by the general gray cwlor and nondecalcifled staia 
of the shelly lower bowlder day, which is in direct oppmdtion ta the 
usual churacters of the clays of the first glaciation In Europe. 

The question then arises^ Are there any dej>osits in Ireland ^ apart 
from the niised beach with its ice-home erratics, which can be cor¬ 
related with the first gbciation of Englandt Owing to the intensity 
of the last general glaciation and the small amount of w ork done on 
the Irish Quaternary we can not expect mnehj and w'o very httle 
evidence of stich depositsL In Newtown eolllory (sheet 137) a bed of 
highly bituminous peat was found between two buds of bowlder 
clay, but no further particulars are given. The fact that the peat is 
described as “highly bituminous” supports its luterglaoial age. Jn 
the neighborhood of Ann ugh stumps and brunches of black oak like 
that from bogs are stilted to have been found in bowlder clay at 
Bevurul places (sheet 47). 

Bemains of a boivldcrday belonging to an earlier glaciation have 
possibly been found near Dublin (101). Here we have the usual 
gravelly upper bowlder clay with rounded stones, mainly limestone, 
resting on ilic tnmeated edges of a series of sand and grave! beds 
inierdigitatiiig with red clay which evidently represents the lower 
bowlder cln\% (The red color of this clay is ^ated by G. A. pT. Cole 
and T. Hallissy (105) to bo due to marina action.) Tho authors of 
the Dublin memoir state: 

A. retuiirkab[e foaturp rif tJie reU liowliler day SOO janla aouth of the point 
at wliicli the Lomdbnit^uwn Htrenm eoters the sen in Umt It cental as large 
Irreffwlar nmssm of purple cloy with stiarply tmtEini's. which 

to be true bowLJer^ in some ctiaea ^arptj fracturt^ii the craete belnif 

miM wUh samU aravoL and day from the sorraundlns matrix. 

These bowlders fire nearly identical with 35 feet of laminated purple 
bowlder clay seen at Kill o* the Grange, whkh is tlms evidently older 
than the red clay in Killiney^ but it does not appear how much oldGr^ 
imlc® we can road the earlier work of A. Bell into the section here. 

Mr.. A. Bell (1835-1^01) investigated on behalf of a British Asso¬ 
ciation committee the Jfatnirc gravela of Wexford and other post- 
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Tertiftrv iiiarifi& fossilifefous r>f liftll^Hfiick (Ivil- 

liney) and ebev^here* Ho giTea lissts of fauna, whick show the fol¬ 
lowing relationships: 


*ok#A CTBrf bonrff/ UollvMrA from Irrhind. 


WfljJtmJ,,. . 

BaBylrrwV..-.,, .. VI ■ ra 1 ++ >■ <l-^ + 

BwMaraty ukliAltl - 



1 Swita 

EUTBr 1 

f 

Ttjiki 

i 

1 

W 

ss 

l 

3 

A 

1^ 

0 

0 

Hi 

10 


Tlifi southern species at BaUjfhmck are Woodia iligtitiria anti 
PecUn ffiabcr. He describes the E^iion at KilUney Bsiy as an older 
drift of ‘'largo and small rocks^, limestone, quartaij solusts, and 
granites (many of the Umestones Iwing beautifnlly strmti^), inter¬ 
mitted with (kick keels of sand, often tilted at an angle of iO to BO 
to the bc^ttdi beneath which they pass, mipiiearliig at intervals near 
the Shanganagh and Bray Kjvers.*^ 

It is ovei-Iain by the middle drifts—loose sands^ gmveh mid occar 
stonal large blocks of granite and quartz. He concluded that tlie 
Wexford gravels are Immediately preglaeial and that the Bally brack 
fauna is interuicdiate Iwtwcen that of the \Ve 3 ^ford beck nnd that 
of the bowlder clays and midglacial gravels. WlMtuvcr wo may 
say to the formot conclusion* there seems little dotibt that the Bally- 
brack fauna is older than that of the lower Wwlder day. But the 
Bally brack fauna is a^ociated with betis which iiiu^ji have been de¬ 
rived from an earlier glacial deposit, pebbly the ptirt>Ie day of Kill 

the Grange. Altogellier, this seems stroug evidence for an inter¬ 
glacial period in eastern Ireland. 

Verv little is known us to the depth of the preglacial river chan- 
nek of Ireland, hut the few borings available show^ that the drift- 
tilled valleVS cat tend considerably below present sea loveL A boring 
in the Ljigan River at fttraiimillis^ 2 miles nljove Belfast, pro veil 
bowlder clay at —CO feet, ao that the sea level must have been at 
lea 5 ;t 70 feet lower than now when the valley w^as excavated. At 
Dublin the drift-filkHl valley of the Liffey sliows that in pivghicial 
times the land nui-^t have stcx>d somewdiat above iti present level. 
At Cork the mininium odtimate of the preglaeial elevation k over 
eOO feet. 

Of later date thau the general glaciation of Irdaud are the local 
moraines left by nioiLmtain and valley glaciet^, as in Scotland. Tlie 
best developed of these which I had an opportunity of studyitig were 
those of the Barnes River glacier In Baraesmore Gap* This gap is a 
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u-sbaped, obviously glaciated v^ilej e^ctandiug northeast and south¬ 
west between Croglicoimellagh (1J24 feet) and Bame^iaute {1^431 
feet) ^ its floor is veiy flat and is occupied by an alluvial strip in 
which the Lowcriiuore River nieanders. Tbe Barnes River has cut a 
narrow V-shnped gorge in nn old, rounded glacier valley which enters 
tlie gap at right angles; the glacier was banked up again^ the oppos¬ 
ing flank of Bamesniore and spread out along tlio gap. To the nortli- 
east the lulter soon widens, but to the southwest the Ice was very con¬ 
fined and ejEtended for about "2 miles- On this side it lias left tlireo 
teriidtial moraines, in addition to the latenil moraines agidnst tlic 
sides of the gap* Of the terminiU moraines the outennost and Inner¬ 
most are I)est. developed and cstend aert^ss tlie gap in crescent foi-m, 
the convex side outwarcL The iumer mootino is double. Tliesc mo¬ 
raines consist of granitic sand with occasional blocks and bowdders of 
griitilte and fragments of schist; scattered over the surface are 
rounded and iri'egular bowlders of granite. The outer and inner 
moraines are cut through by the strcain and extend on either side of 
it; tho middle uiuraine is much less developed, and extends obliquely 
down tlic valley on one aide of tlie stream oidj- 

From tlie literature of ibe subject 1 Irad believed that these mo¬ 
raines must nil belong to a later recurrence of glaciation, but the ap¬ 
pearance of the moraines does not quite bear this mit. Tlie two inner 
moraines arc very though and frejh looking, but the outer moraine is 
worn and roundedT and Is not dissimilar in contour to the dmmlins 
cjiJtsido tlic gap. It gave me the inipression of a much greater age 
than ihe inneriiioi4 moraine^ and it speius probable that here, as in 
St'otland, the Irust general glaciation waS4 quickly succ!ce<led by local 
j^ladera. The inner monunesjp on the other humh may corrcfipoiid to a 
later wild periral for which there b independent evidence, 

eXher instances of local glacier moriimes have been de.^ribrd in the 
.Survey Memoirs and elsewhere (see fJ, I^raeger's Bihlingnxphy), of 
which I will refer to one only. In GlencUxiy, I,^in3teL' I^lountains, 
two distinct moraines occur, of which Hr. Kinshan says, *^The in¬ 
side of the bonallop moraine is very well marked in places, txdng 
nearly a perpendicular wall from SO to 40 feet or more in height, and 
having the iippearaiiee of a huge Cyclopean wall^ (sheets 148 aiul 
149^ 1887)^ This evidently belongs to the latei»t period of valley 
glaciers. 

OAiain OEACITES AND gSTTAKlNE ntTOSTra 

In western Scotland, a^ already de^ribed} J* Geikie and others 
have found raised beaches attributed to three stages, the lOO-foot. 
IjcJich, the 50-foot beadv and the 2,5-foot beach, and we naturally ex¬ 
pect tliesc to occur again in northeast Ireland; the two latter un- 
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doiibtedJy do so» but ’with r^ftrd to the lOO^foot boach^ Mr, B. 
Wright tliat it is appjirtntly entirely imknown iii Ireland* 

There are^ however, a feiv Irfice^ of its occurrence. 

On the Hoiil west of Donfoiiugliy^ opposite Tory Island, is a well- 
developed rock shelf with sotoe lint stones and pebbles, backed by an 
old deposit of blown snnd, now cemented into sambitone in plttcea, 
Tlie height of the shelf is about 70 feet; sand wixs hanked agtiinst 
tlte old eli ffs for another 20 feet or so. Al>ove tho shelf the ro<'ks were 
not water wom, Jost above Templebreagii Arch llicire \^as a distinct 
sliclf \"tsiblc in section. In plnce^i at the level of the shelf was some 
sand bedded at a low anglci the strutificaiion planes marked by 
pieces of lint shale. 

Farther west 1 know of no traces of this beach, but the; country 
ha.i not been thoroughly explored, lu southwest Donegal I could 
Cod no trace of it whatever. £ast of Horn ileadr Profe^or Hull 
mention^ a beach at a height of 7o feet at Malin Watch Tower, in 
InisboweiL, and in his “ Report” General Portlock refers to three sets 
of old caves ill the chalk cliffs of C'ounty Antrim, at heights of 
12, 25, and 100 feeL South of thb the 100-foot beach opjieiirs to 
be entirely wanting, sod thia is doubly strange because the neighbor¬ 
hood of Belfa-st nboimds in quiet aea lough,^ suitofl for its preserve- 
lion, which have been thoroughly esplorah I will return to this 
point later. At Dublin n rock shelf which oceasionitlly appears at 
a height of 25 feet may be the representative of the lUO-foot or 50- 
foot beach of Ulster, since the 25-foot beach has descended to ii kvd 
of 15 feet by the timo it readies Dublin and thia shelf b much older. 
It may be preglacial, but Kimihan stated (18T8) that “About S5 years 
ago or more (l e., 1840) it (tho 25-loot beach) was very conspicuouB 
lilong the cliffs (near Kingstown), but all Iratcs of it have sinca 
been oblJtaraled; ako in pkees nt Bullock, Dalkey Sound, and at the 
north end of Kiliiney Bay. 

A glacial fiood-gnivel terrace bordaring thn coast in tlio loughs of 
Londonderry district may be referable to the 100-foot beach* Ac¬ 
cording to Jlr. Kilroe it gradually rkeg inland from about 50 to 125 
feet, aTeraging about 75 feet above sea levd. He says, ^*The mate¬ 
rials have evidently been dbtributfal by flood wateis ioauing from 
receding glaciers over the valley floor and the low ground bordering 
Iho coast during the final disa]>peaiitnce of ice from the regions-” 
It is Hcpamted from tlie prcstoit siiore line in many places by the 
25-foot beach, w hieh terminate^j against it In a well-marked cliff- At 
the mouth of the glens of the Muff and Ciistle Rivers arc great allu¬ 
vial fans of fine fsnnd and clay iit a height of 50 feet abov^ the lica. 
Beadles at a level of 30 feet or le^a above the present higli-water 
murk ore of fur more extensive occurrence. Often they form fiat 
plains a mile or more in width, which may constitute Iho necks oon- 
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nccLing foi'nisr ifiliiiids willi lUo HuiiuluiiJ^ tlift n 0 clt of tHc IlilS of 
Howtli is n notable examplo. Reference is nniJe to these raised 
beaches in many of the Geolngical Survey MeiiioirB dfinliiig with: 
marituno districts. The 95-foot beach altiuns its greatest height 
at Malin Head, where it is about 33 feet above high-water mark; 
north of Londonderry it stands at a2 feet, in Lough Foyle and along 
the coast of Deny and Antrim about 26 feet. In sheets 20, 2L, 93, 
and 29 the maiinnmi height attained seems to be 15 to 20 feet, includ¬ 
ing tho well-known bed at Larne. At about this height well-marked, 
Bholly, raised beaches extend down the east coast: at Dublin, the level 
is 10 to 15 feet, and in tlie Counties of Wicklow and ’IVexford it 
ranges from 12 to 6 feet, very conspicuous in places. 

On the south ooast we imve no mention of a postglacial miped 
beach ticept at Cork, where in the quieter chiinnels a grsiss-grown 
flat backed by an old cliff a few feet above preant bigli-water mark 
may represent this feature^ On the flat occur kitchen middens. The 
only points on tho west const where any vestige of a raised Leach is 
seen an; Druiiicliff Buy. near Canvey, County Sligo, where u ^ach- 
like bed G to 7 feet above high-water mark contains remains of 
oysters, clanui, and periwinkles (Jfemoir slieets -19 nnd 43,1385). and 
near Sligo CMemolr sheet 55), where a “ silty lied containing cockles ” 
lies apprccinbly above high-water mark; and tho middle Uland of 
Aran, where a shell-bearing beach is recordet.1 by Kinahan, and at 
the month of the Kenmare River, in County Kerry, whero there is 
a thin bed of oysters and other filiells just abfjvi; high-water mark 
(Memoir sheets 182,183. and 190) . There is thus a striking decrease 
in the height of tliia beach from northeast to southwest. 

The molluBCfln fauna of the 25-foot beach of nonheaet Ireland I'ss 
been studied by llr. Lloyd Praegur (139fi); he finds a complete ab¬ 
sence of arctic species, and only three of northern typo, w?hilo nine 
species are of marked southern typo. In the present seas of the dis¬ 
trict the numbers are four northern and three Bouthern. Tliis indi- 
efttes that the climate w'Os somewhat warmer than the present, instead 
of lieing colder, as it was when the higlier beaciifs were formed. 

Below the level of the 25-foot beach in nortlies.st Ireland are 
numerous other beach terraces extending down to high-water mark. 
Among these a 15-foot beach is often distlnguMihed: in fauna and 
general characters it is not very different from the 3.i'foot beach and 
is probably vary little later.' Kinahati (18T8) supposed it to bo 
separatee! from the latter by a 30 to 40 foot elevation, niid^ referred 
the Kilroot gravels to the 15-foot beach, since they contain imple¬ 
ments considered by Mr, Du Koyor as younger-than those fnini 
Maghenimome and Ijime. In the river valleys the 95-foot iMach 
is often continued ss a gravel terrace 25 feet above the present level 
of the water, and evidently due to the same aubiuergeuce, Uy anal- 
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©gT| we niay car rein tc tUij extensivo Hiid grovel tomiees and 

plains of tlic River Foyle St» Johnstown at levels of r>0 and 
75 feet with the two higher beaehes. The Belfasi section, to be do- 
scribetl nest^ howeveri leaves no room for ench an elevation. 

A far more complete reconl of the changes from the cold of the 
glacial period to the wnriii conditions of the dimatic nptinnini and 
hack to the present cUmate and level in the Belfast district is given 
hv dock excavations end other sections in the estuarine clays end 
fianda. These have been descril>ed by Mr. Lloyd Praeger, in a very 
elaborate memoir The heid section is that exposed at the 

Alexandra Dock, Belfast^ which is as follows: 

0. Sarfai:^ vlnva, 0 feet 0 l&eheBt ileptli belmv liSj^li-wjitcr mhrk^ 4 fprt 
0 Inrlies ta feet. 

S. Vullow ftanO. L! fret; depth Ijelaw hlfitL-WAter luark. 11 feot tn IX feet. 

T. Upper cluy. 0 Mitlj iH'ioiv Iduh-watcT pmrk. la 

t*j 10 fwt 

0, Tjiwer clay, 0 depth tw^luw Ulj'U-walvr ntfirk, 10 fw^t 

to feet. 

R, firmy Bfiiul, 2 fret: ileptli below hlKb-water irmri:. 2^ fei^t to 27 fret. 

4. 1 tiHil fl liicbiM; detail Iwtaw hl|{b’water mtirk, 27 feet lo 28 

fwl 0 ladies 

^ Gray fuinil, 11 Xwt*, depth tM-ti>w blyli-wnter nuirk, 2^ fb*et C liietLea to 
aiS fwt 0 Inebe-c 

2. fteil Band. 4 depth helnw high-water mark, 3^1 feet 0 luehrfl to 

54 feet 0 liiela>ft. 

L neiOBorteil twiwldt-r clay. Imnv. ou! rfftched, 15 feet; ileptti hetaw hSgh' 
water timrk, 34 feet O lochCs to RO feet. 

The same series though less complete is met with at many points 
along the coasts of Countleti Down, Antrim, nnd Derry. In drawing 
Doncliiiiions from it we iniist use the principles set out in the intiwluc- 
tioti showing the relations of the color of deposnta to the conditions 
under which they were fonne<l. The sands 3, 3, mid 5 ure evidently 
tnarine, derived from the underlying bowlder clay; the gray color of 
Kos. !1 and a would lead us to infer that they were fonued under 
colder conditions than No. S; these cold condiiiona arc conBnned by 
a study of their fossils. At Bel fast and most other localities these 
arc limited to a few stnrvcd Forum ini f era, hut from the gray sand 
under I vi tig the estuarine beds ut Lame were obtained a number of 
fine examples of the northern shell OeneUa decutsata, which still siir- 
vives, though rare, in Lame Lough. The same species occurs, hut 
Tcrj' rarely, in gray sand beneath the esLuarino clays at Magheru' 
rnome. A gray, sandy silt, with hgrtmfea and Lepidantit 

(Apjiit) which occurs in the same relative p<witioij in the 

Isle of Man, is probably OH the same horiKon. whose most wijsterly 
kno^vn occutTence is prtdwhly the 30 feet of a very line, gmykh sand, 
witlmut fossils, below stratified gravels in a aection in the Funghan 


tUTATEUUABY DEPOSITS OF BAITISH ISLES—BHOOKS. 335 

Eivcr^ in lUe south of InUhowen, the whole section being here obove 
high-water murk. 

Tlie pftJit lied between the grnv sands is described by Mr- Lloyd 
Pmogrr as “ the first bed still extant showing the ushering in of 
tenipemto conditions tit contains a tlom of mnish plfints, sedges, 
flags, and rushes, with the fmil and branches of liazcl, alder, oat, 
willow, and Scotch fir. On tlm upper siirfaco of the bowlder clay 
und in the iw.it, retniiin.s of CerwJt ma^o^rro/i were found. At Bel¬ 
fast it is 27 feet below high water and at Downpatrick, in the Qiioyla 
estuary, it is far below low water, but at Tillysborn, HolyiTood, 
Ballyholme, Carrickforgtis, Gletianii, Ballbitoy, and Portnish it 
outcrops between tido marks. It is by no means certain, however, 
that all the forest beds exposed on the shore are on the same 
horlzjcp sa the Belfast bed j some of them may be later. 

Above tho second bed of gray sand occurs the lower estuarine clay, 
or Serobintlario, j-onc; essentially a littoral clay, typically brownish 
bine, somewhat sandy, containing abundant Zontsnt and a 

inst number of shells of a few species which live between tide marks. 
Tho same bed occurs at several other places on the northei^t coast of 
T'lster. It is Blvrays found below tido level, and it indicates that 
during its formation the land stood about 10 feet above its present 
level, and wsis slowly subsiding. The climiito does not appear to 
have differed from that of to-day. 

In placetfi, as at Lame, tho lower estuarine day is overlain by the 
grflvds of the as-foot raised bciich, but at Belfast, and all* at Mag- 
heramorne and Downpatrick, the place of the latter is taken by the 
upper estuarine clay, s very pure and unchioitB light blue deposit, 
probably black before exposure to the air. It contains a very rich 
und wcU-preservctl fauna, chiefly of shells from the laminarian and 
coralline zones, and ebameteriwd by the bivalve Thi^'a depresna^ 
whence tlie bed is tofiiicd the T'Ajvhjw soFUt A full list of the fauna, 
with iiitoarks on the distribution of species, Is given by Mr. Lloyd 
Praeger (lfW0), The shells are mostly of large aze, and include 
species which are not now known from the shores of Ulster. Si&m 
nl-tfo, very conitnoti in the clny, is only known os a recent species 
from Bautry Bay, whereas ff, prfrva, the present common form, is 
rare in the clay. Je^reyttia opo/Hio, practically unknown, living in 
Irish waters, is common, and also large specimens of Odoslomia 
minima, now rare ami dwarfed, As a whole the fauna, like that 
of the raised beaches, indicates a rise of several degrees in the tem¬ 
perature of the sea water, while the land must have stood somewhat 
below its present level. 

After this |)eriod of deprassion, a slight elevation set jn, resulting 
at Belfast in the formation of 2 feet of yellow sand eontaining many 
shells, including Thracia and Scriifieulat'iaj evidently washed out of 


336 Aii'iruAj. report rmithso^’Uls instttutiok, mi . 

the imderlying ti^tuarinc clays. In the Bonn Valley Uio Thratta day 
was nmioved aiui browTiish river sjind deijoeitefl ia lt$ place. Ebe- 
where on the const the Thrtici^ clay b over lam by blown aaackp 
This elevation carried the land about feet above Its present levels 
and the iihiil suhsjdenco has resulted in the nccumuLatinn along tho 
shore of bkck littoral clays (^slobland”), crowded with iirc- 
naria^ €ardiu7n^^dxiii\ and Sf^tilw edidh. At Belfast their thichnesa 
U C feet 6 inches. 

Nowhere elt^ in Ireland luive wo a section Approaching lUb in 
coinpIrtetic-SriL All mond the coast drowned and aLluTiutu-iilled val¬ 
leys, submerged forests, luid “sloUland” point to a postglacial sub¬ 
sidence, wijieh at Cork mmt ha%'e ejccecded 50 feet. At manj poitite 
on the west coast, ineat beds with tree stools in situ can be seen to pass 
bel()W lo\v-w^ater mark. Bnt in tJm abscooe of uiore complete sections 
it is very difhciilt to. place” these deposits in the postglacial se¬ 
quence. 

Near Dublin Hie 15-foot beach (i* e-, SS-font beach of Belfast) lies 
on sisbmerged peat^ and is tJiereforc younger, as in Ulster, In the 
estimry of the River Slaney* County Wesford, Kinahan (1ST5) de- 
Bcribcil the following sections 

Had# T6 feet; Rorface at sea 

Peatt 5 f&et 

Gmy muilUy Ktuir. ] (octi 5 Inehea. 

Alarl {bowldiur day). 

The pent ahows that the Iprid must liave stood at least 30 feet 
higher than at pre^ut, and this is ooufimiotl on the neighboring sca- 
ooast. No particiilaia of the “gmy, muddy etnff ” are given, but pos¬ 
sibly it comsptmds to the gray sand of the Belfast section. The 
**mud” corresponds to the estuarine clays ami overlying dopositB; 
neat tlie end of the time when it was flwumulating there seems to 
have been a slight rise pf the land, ns the tijiror fitrntmn is highly 
impregnated by iron and sepemed from the lower by n layer of 
shells. ■ ' 

It is difficult to correlate the snperfieial formations of the interior 
with these estuarine and maiane deposits, owing to the lack of com- 
mon elements. Here again the cold perical represented by the later 
Currie and valley glaciers offers a useful horizon. This is well seen 
in the Ballybetagh bog, near Dublin, described by Mr. W. WilUanLS 
(1878). The section is as follows; 

a Peat with oak and aHrr, 2 to 3 feet 

IS. Gmylsb clay* -I to 3 fecL 

^ BFOwnbilj cloTf wllA CervuM mcf^acvr^ hdiI idaAtB, 3 la 4 fecL 

3, Yolbwlsh clay, InrifiMy at tnattw. 

2. Flo*, tuiiucluua without 

L Bowlder claja 
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Tho Sfiction lies at a bcight of SOO feet in a frnall valley between 
som^ outlying granite liilla, The eurface ia now pin^ture* No, 1 
reftTird by Jlr. Willmras to the lower bowlder elaj, but it con¬ 
tains ft liirge of liniestone pebbles^ and isj therefore* on the 

horkon of the upper bowlder clay. (2) is simply rewii,shed bowl¬ 
der day. (S) contains so much Tegetabic matter that it can hardly 
be called a clay* From the total absence of any tenacious day liko 
(2), Wr* Williams infers a decrease of tho rtiinfall. (4) is a Ir- 
enstrine clay coriL’uning a consi^ienible prc»[>ortioii of regetable mat- 
ter^ int erst rat iiied wilh soains of cIby and fine cjuarta sand- Ac- 
conling to Mr. Williams it indicates genial or teiorKnito eonditions 
like the pres^mt Numerous remains of Cerws nt£gai:^roSj dueHy 
skulls with antlers, occur resriiig on the surface of the plant bed 
No. and at various kveb in tho bhuw-nish day. Near Iho top of 
the latter they are often found broken, and in one case antlers found 
embcfided in tha lop of tlio brown clay and protruding into the 
grayish clay No. 5 were scored ^'like a striated bowdder.” 

This grayish day, or baiin, as I should call itt consists ojcclusiydy 
of minerft] matter derived from the disintegration of granite* Dur¬ 
ing its formEition tliere can havo been no soil on the neighboring 
hUIs, and weathering must have been intense. It U practically un- 
fo^Hifcrtni.^ but ilr. Wtlliaiuji reoonls finding a reindeer^ij hom in 
it. From all tliese characters it is difficult to escape from his con- 
dttsion that it represent a very severe climate. Since it is sepa¬ 
rated frtun tho horizon of tho upper bowlder clay by nioro tcmt>cr- 
atfl depwjsltSj it must represent a retiim of ot^Id conditions, after an 
interglacial period. 

A dmilar section occurs at Crnggah, near Ealkh, Connty Ifayo 
(Williams^ 1881), lacustrine beds ys-ith Irish dt being overlain by a 
rhocolato-brown detrital rlny derived from the wearing down of the 
[■Old nieasuiTfi, the whole toeing covered by bog. 

Underlying the i>eat bogs over a large part of the central pUin of 
Ireland are white or blue lacustrine marls, wMch Mr. Willlama 
attributes to the same cold period, on tho ground that abumianco of 
moisture would di.^lvo and suWquontly precipitate great quanti¬ 
ties of carbonate of lime, hut this seems erroneous, for the marls are 
really shell marls, and pre^iuRsably a high tempernttrre k more favor- 
ahln to fresh-water shells than a low one. Bemnlns of Irish elk are 
frequently recordc<i from these marts (those described aft from the 
ba.se of the peat bog are in most if not all coftcs really from the marl) 
and this also seems to place them on the horizon of the lacustrine 
clay of Bfillyltetagli, 

The menifiirs of the Geological Survey contain many des^Tiptions 
of postglacial detrital deposits whliii seem to demaud a far more 
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severo climaite tlian tlio present- I Imve already mentioned the; 
ground!^ cm which I regard the “ bead ” of the south coast as Iwlongitig 
to this recurrence of cold conditions rather than to the periewi of the 
iippor 1 Mi wider clay. Similarly nianj coarse river terrace gravels and 
delta deposits prohnldy belong to the same pcrical, though proof i.^ 
difficult I will merely pick out a few striking esamplest 1 have 
111 ready mentioned the gravel terraces near Ijondondcrry. Some of 
the |HKt'Ui^f]cr l>owider clay terraces of the Ijiffey and otlier rivers 
are very coarse, indicating torrential action; these wouUi pre^hairty 
re]uiy further investigation* The remarkable frequency with which 
tree stools^ especially oaks, are rooted din^'fly in luciistrine niarh 
without any intervening marsh depoeit^, suggests ^mc break in the 
succession; the lake’s outlet being cut down and its bod drained under 
conditions n<^ favorable to vegetation* 

In Killimor Bog* County Galway (^lemoir sheets llfi and 116, 
1SC5). |*eat resb^ on Jaenstrine marl and is cuvered by alluviaun The 
originnlly horizontal lamination of the marl has b^n crumpled, as 
though by a powerful horizontal pressure, and the surface planed 
smooth, liefore iho formation of the pent. Tills strongly suggests 
the “ warp’^' of river silts, which is due to floating jee. 

The iipt>ennost superficial deT>osit over a great part of Irebmd is 
peat, which covers one-seventh of the country to a depth ninging up 
to 50 feet. Peat bogs are of two main kinda, lowland or red bogs, 
mostly composed of the aocumulatod remains of marsh plants grow* 
itig in a lake or sivanipy holkjw% and mountain much tougher 
anil of slower growth, formed by a close mat of heath plants which 
can e-itenil up or down quite steep slopes^ even over porous 
rock, aa well as ocenpying flat billiops. Tn the we^ of Ireland the 
mountain bogs descend also onto the plains, displacing the veni Ixjgs. 
The two chief points of interest are the buried forests and the 
archeological remains. 

Bemains nf oak, fir, pine. KazeL and other trees occur everywhere 
in the bogs, incliiding branches and fruits and also frtools i™ted in 
the underlyijig bog or rock. Mr, G* II* Kinalinn (e. g., 1873) stated 
very positively that these tree remains form two well-marked for^ 
horizons, one at the base of the peat and the other Rome feet above it. 
but ibis has frequently been coutradicted* My own conviction is that 
the two horizons certainly exist in some bogs, but that m soraja 
others the eondilions were not suitable for its development, wlule os 
regards the great majority of the fjogs we are totally ignorant. I 
examined a ntimljerof peat cuttings in Couniy Cavan, but could not. 
fun! one whicli went down right to the bottom of the peat near the 
center of n basin* Tn response tn my inqiiirire T wa.^ always in- 
funuiHl by the cutters that in the middle of the bn|^ they never cut 
to the bottom because the peat b too wet there; the hitter fact was 
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obrious in tlie cuttiugs alrendj niado. Consequiently nnn^ of tbani 
knew of oak below Rr in the iniddle of the bo^* But wheeo a bog is 
being out on the erlge of a oak is founds and seema to extend 
some way down tlie $ides^ in places being rooted in laeiistrine marl* 
FortliefiO reasons I conceive that Kinahan finding oak f^tools rooted 
in marl on txith sides of a basin and extetiding be^ow tiie level of tbo 
uncut peat, coficbided that those on either side were both parts of 
one forvM which extended ct}rnpletely across the basiiL The state¬ 
ments III scenic of the. Geological Survey MemoirH that stools of oak 
were foiiiirl "^iit tlio Irfittom^^ of the boge are probably only to be 
interpreted on the fli>yr of the bogBL 

TVliile there is sonje support for tho two forest layers in the low¬ 
land hiyg^. there seems very little in the upland hogs* Whei^e a rough, 
humjjiocky rtark surface is covered by a bog there is in or on the 
bog a very well-marked horizon of stoob, wdiich extends onto the bore 
rock where the latter rises above the level of the old forest, but 1 
could not find a single instance in which tree stools rt-steil on nx:fc 
lielow' the level of this UkL Kor^ so far as I am aware, have any 
such lK»eii described^ 

The upper forest layer ia an esccetlingly deSnite horizon all ovnr 
Ireland, The aurfacs of the peat dried and remained firm for a 
period probably of more than a thousand yearij; on it there grew a 
forint of pineii* Some of tlie stools show 200 annual rings, and 
they lie so closely together that several generations mnst be repre¬ 
sented, Even in the west of Ireland, where no trees grow now, well^ 
grown forests extend up the hills to a height of alx>ut 500 feet^ and 
isolated trees to riejirly 2,000, After a time^ peat recommenced to 
grow, killing tho tiws. and reached a thieJencss of from 20 to as mudi 
as 50 feet, though almost, everyw here Ihe upper part bos been removed 
for fuel. In the west and in the centre 1 plains the peat is still grow¬ 
ing on the cut surfaces?* but in the east it has ceased to incre^isc end 
is being desiccated. 

In the old, submorged land surfaces which are common bU round 
the coast of Ireland, the upper, or fir forest comimrniy forms the basivl 
layer, overlain by a small thickness of peat where this Iihh not been 
removed, and this enables ns to correlate the fir forest with f he post- 
rajse<l IxNich elevation- ()n the rtiiiied lieacli flats, i^eat u.snallj occurs 
with a layer of stools of oak, fir. or hazel at tho bose. This is sup¬ 
ported by the frequent appearance of stream sections in which n peat 
bed wiih fir stnola at the base is Dverhun by river alluviutii, the de¬ 
position of which must lie due to a mbing of the base level, 

It tB the fir forest layer also w^hich is chiefly of interest in con¬ 
nection with the archeological remains found in the peat. Ths^ 
Ueioiig to the neolithic, bronze* and iron ap=s. and it is the neolithic 
which are cbJeily associated with the forest horizon. They indicate 
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a rela tivply high of ei viUzBtioia. In 18^3 & Lwo^story log house 

finrnumcl^l by an inciosure wb® found in Dnimkelin Bog^ County 
Doucgul; it was 12 feet square and ^ feet in height^ and a roadway 
led to it norofi^ the bog. Botli booso and roadway were entirely con- 
atnietevi of oak, no fir being used. With the but wore found a stone 
etiisel and n flint arrowhead. Beneoth the floor were li feet of 
bog. and above the floor !>fl feet. Other roadways or eashtsa^' have 
been found, e, g. at Bullyalbnnagh, County j\ntriniy obove 4 feet of 
black turf nntl below ^ feet of floiv bog; at tho base of the black turf 
were oak lugs mid stooland on the level of the road fir stools. ^ one 
of tlie latter wara l>eneath the roail, which was built entirely of oak. 
A neolithic was found near the road. Tliese discoveries of an ad- 
vanml neolithic civilization on the forest layer eonhnn our inference 
that it is younger than the 25-foot nvlsefl beacli, for in and on the 
latter are fniind nuhiervuis neolithic itiiplementfi of n far mom primi¬ 
tive tvTic. Probably the peat under the forwt layer represen&ig 
moLster conditions eorresponds to the 25-foot submergence^ 

Many fine relics of the bronze and early iron ages have been found 
at various depths in the peat; a_number of lunulae or collars of 
gold, bronze swords and daggers and a long rapier of bronze. In 
a bog at Cmmngh, Amioyj County Antrim, was found a woolen 
gnrment. with a broujo pin, cselt, gouge, razor with leather cose, and 
RH ornament of horsehair. Bodies drrased in old-lashioned woolen 
gamvents have Iseeii found from time to time. 

In interpreting the meaning of this well-niarkcil peat bog suc¬ 
cession, we must remember the peculiar conditions of peal forrnationp 
The ImisoI layer of oak stool?, rooted in the solid rock or even in la¬ 
custrine marlj is merely what we should expect, for on any ordinarily 
well-drained ground the water flows ofl" too mpidly for the growth 
of peat. The ground is therefore first occupied by a forest^ if Eho 
region is a lough shore^ the trees grow to the water*s edge, and as 
the cutting down of the outlet lower? the level of the watcr^ treea 
grow at loader and lower Icvelff^ encroaching on the old lake deports. 
The next stage is the formation of leaf mold and perhaps the pros¬ 
tration of a few trees j thb checks the drainage, and peat mosea. 
grow up l>etwcen the trees, finally choking them and entirely occupy¬ 
ing the site. In tlift case of a lake basin the same result might be 
arrived at by marsh plants choking the waters and finally rising above 
their level, and i?o killing the neighboring trees, but this must be 
more local. fnr there is no reason to assume a change of climfite; 
the dcaiecation of the peat sufficiently for its use as a dwelling placo 
for man, and for the growth of trees is another matter. The vei^ 
widespread nature of the phenomenon is proof that the change vfm 
not due to artificMl drainiog, and the same fact^ as well as the vciy 
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vitrialile thickness of peat beneath the forest layerj sliows that aDother 
cause often cited is e<nia]lj jnsniQciCnt, Ufunelr the npward growth 
nf the l>og until it conhl not longer ram water to its sorfaeo by capib 
Itirv action. The only possible explanation seems to be n general 
clhuatic chnnge toward drier conditions. TIieTre nre two oth^r 
points which support this* The fir^ is (hat during the forest peri<?d 
the firw in tita h^wlands attained a sixe which is not reached by any 
existing Irish firK. and extended up the moiintams to a considerably 
greater height* I counted over 50 annual rings in a tree stool at 14^00 
feet on Croghconnollaglt, whereas they wilt now scarcely grow even 
at sea level in the region; even greater heights are alteincrl elsewhere* 
To make this possible the climate must hfivo been considerably warmer 
as we!! ns drier than now, pnjlmbh' bj 3^ F* 

The second point which sttpfjorta the dty-dimate theory of the 
fir forest is the fre<|Xicnt occurrence of trees apparently in situ bc^ 
nentli the surface of fresh-water lotighs^ A example is Lough 
Toome in southwest Donegal and a small Imtgh to the east of it. 
Tlicre waR very little peat on the shores of the lake, and the trees ap¬ 
pear to bo in situ, thmigii when they grew the water surface must 
hny^ been at least 2 feet lielow the level of the presimt outlet* whSchj 
so f{ir as I could see, had never been deeper. Mr. Wynne (1S37) has 
desi?ril>ed similar occurrences in Lough Arrowy near Boyle, and in the 
bed of the River Ganvagne* just before it flows over a rock bar^ 
Both localities are in Connaught He attributes tlie occurrences to 
erosion of the peat on which the trees grew^ allowing them to settle 
slowly in the |x>sit!on of growlIi; thi^ ertision of the peat is 
still going on. Seveml cases in northeast DoneguL "^here tho phe¬ 
nomenon is very widespread, were investigated by O. IT. Kinuhan 
(1886-7)* Ho csoncliided tliat the stools arc in ritiij but that in some 
rases gnjwth of peat may have choked the dmiiiage* and caused 
iho submergenco of the stools, though in othere, such as Pullet Lough* 
Kinclrum Luke* and depressions about Lough A wee! there is no ap- 
partmt old exit Ijclow the level of the present one* In one of the 
Lough Awheel depressions bog oak is found at the greatest <lcpth. 
Jfost of the loiiglui in which these submet^pKl stools are found aro 
phallow upland bsontis with a small drainage areat and in May* 
when I saw them, aome of them were suffering severely from drought, 
i^o that if the [irc^enf- climate l>ecajiie hotter and drier ilicy would 
more or le^ f^mipletely disappear, allowing trees to grow below tho 
level of the outlet. 

The fir forests were killed by a return of moist and cold conditions^ 
causing a fresh growth of peat. The climate seems to have Ijccn moro 
severe than during the earlier period of peat formation, for many 
hill regions were nowr peat covei^ for the first^lime. On Coppsjd 

eei33’— Sit 1017-23 
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MouutAUi, ucai* £niiB)ld[]^, und c]Eevv'bi«rfi tuniiiU ur cairtis inferred 
to the broiiiH) ugB UsUi'o been btiilt and subi^uently corered bj' ser- 
pfal feet of peat; this shoe's thnt tho change occurred not earlier than 
the bronze age. For the rea^ns stated abore, peat formation prob¬ 
ably commenced earlier in the foirsts than on the bare ground. Re¬ 
cently the climate appears to hare become dnor, for in eastern Ire¬ 
land t)ie hogs arc ceasing to grow, 

I'roBi the raised beaches, the estuarine and lacustrine deposim, and 
the peat, liogs 1 have now constnicted a fairly connected account of 
th« hlstoiy of Ireland since tlic melting of Liie last great ice sheet. 
Tlie remaining superhcial deposits can I* ciismbswei brietly; they 
fit rciulily into the se(]uence and so far entirely confirm It, but they 
provide 1 title that is new. 

The Irish cures have been frequently investigated and have added 
to the list of Irish l*)cistocene fauna, but their bearing on the climate 
is small. More ito port ant are the sand dunes which occur at very 
luun}' places on the Irish coasts, and are noted for the neolithic 
hearth iloors with ilmt implements, pottery, etc., w'hich are exposed 
aniemg them frcmi time to time. Detailed descriptions of du'se pre¬ 
historic remains were given by ilr, \V. J. Knowles in 1S80,1891, and 
lSnr>: the implements are neolithic in age, and the presence of pot¬ 
tery points to a fairly lute ecct ion of neolitliie times. Tlie sand dunes 
frequently rest on the fiats of the 20-foot beacli, and are consequently 
younger than that submergence, and they probably originated in the 
fii--forest period, when both elevation and dryness were favorable to 
their formation. But to render them habitable they must have been 
fixed by vegetation, probably during the moist pcrioil of the upper 
peaL Tlie suh^uent resdvance of the sand tnny he due to the aligljt 
(Idslci^ation which has caused the cessation nf growth in the bogs of 
east Ireland. 

MJffH TO xm xtebt or rirELAiTDL 

Tlie almost complete absence of postglacial raised beach deposits 
over the greater part of western and southem Ireland suggests that 
the disirict was elevated to such a lieight Uiat even the submergence 
of the 100-foot beach failed to leave any trawia above the pj-esent 
shore line. This elevation a as aliw inferred by Maxwell Close (1^7) 
from the con figuration of the deeply indeutiil west coast. Tl'e con¬ 
tours of the latter at a depth of 200 feet present far more resem- 
Mance than the present shore line to the oast const of Ireland. Tlie 
central plain of Irelnnd also is lower In the west than in the ea.st by 
about 200 feet. He also pointed out that the axis of movement of the 
“Irish ice,’’ which pnsse.s very near to the coast in southwest Dnnc- 
giil. nccessiintcs a considerable extent of land to tho westward Re¬ 
cently Mosare. Cole and Crook (100) have remarked that rocks indi- 
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cutiiig stibicriul eroaion are develoi>ed on ttie Porcupine Bank and 
other points off iIil" west of Irolandt and banks of deivd sheik of 
littoriul type occur elsewhere on the continental shelf; the see ijot- 
tom hert^ intereaJting contrast to the drift-encimibered 

floor of the sea between Scotland and Ireland* 

If the tilting wlilcli causes the 25-foot raised beach to desc^jitJ from 
30 feet at Malin Head to sea level at Donegal, were prolonged for 200 
miles to tlie south west, it would resnlt in an elevation there of nearly 
no feet* 

I litivq already iilliulcd to the smbtoerged peat frequently observed 
to extend below the level of Jspring low tides on the west const, and 
pointe^i out that thk elevation mn^ e^dend well into the neolithic 
perical: there is other evidence which brings the final ?nb»idenco 
down to s much later date. The Bev. W. Kilbride^ provc<l ihsit at 
Tmmoro^ on Aran Island^ hutiiau hahitatlona extend below spring 
low tides level, and the ancient annals have accounts of the bursting 
forth” of lakes, so that fresh-water loughs became arms of tho sea, 
owing to tlie sinking of the intervening land. Galw'ay Bay k men¬ 
tioned ns an example. (Kinulian, 1378)* That this k not uierely n 
case of marine erc^on is further shown by the case of Lough Corrib 
which according to tradition was formerly only one-half of its pres¬ 
ent sii^e—thk reduction would have been eflected by raising it 15 
feet, Finully wo have the tradition of Atlantk, the island to the 
southwest of Ireland; whose mythical existence tlius finds strong sup¬ 
port* 

East and northeast of this urea of high land Iny the region of 
maximum submergence in bite glacial tSmeSr but it h difficult to ex- 
pin in tJie nppnreuily nbnipt disappen ranee of all the beaches. Ttio 
lOO-foot l)cach has not bi>en traced w^ost of Horn Ileud, where it k 
about 70 fiHjt above the sciu Probably Iho boundary 1 between tho 
regions of cleA^ntjon and of considcnthle depression was an unstahlo 
Kone in which the sliore never Kmtincd at one level long enough for 
the dcvclopinent of noticeable rock shelves or terraces. In any case 
the north coast of Donegal has not yet been exajjijned in suflicient 
detail. 

Even mom remarkable is the fact that no record has yet l>een mtide 
of the high level beaches m the district around Belfast, although 
the Geological Suney has recently recxnminwi the superficial geoL 
ogj'. It k po^ible that the beaches were formed there ajid subse¬ 
quently removed by denudation* but the ntnubcr of sheltered loughs 
and cstiiiiries renders such complete removui improbable. The alter¬ 
native ig that the beaches were formed and still cxkt, but the resul¬ 
tant of subsequent movements has left them at sea level That this 
is the case >ve have strong evidence in the occurrence of the gray 
marine Eands of the Belfast district, already described; Hke the 
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t>eachQs, tlicy arc of approximately the same age ns the csold periods, 
and they are slinllow wnter sands nt present a little below e»a Iceel 
at Belfast, but rising above it farther west. 

Crnioiisly enongh, this change in the rolfltivo levelB of Belfast 
find Molin Head hns also left a truce in tradition, namely tluit Lough 
Neagh was fonnerly smaller, but its siiones subsided, carrying hiimnii 
biibitiitions below the wnters. The area was the scene of great 
volcanic activity in Tertiary limes, and tlie traditional aubdidence 
may bo the last of sovcrnl in postglacial times which carried the 100- 
foot beach of Belfast down to bca level, 

SUMMAHT, 

I- Raised beach of South Ireland, Bowldur clay of 

Kill o’ the ((range and gravels of Bnllybrack* 

I, /nierpZfl'cfflJ.'—Peat of Newtown, 

IL Glmtal. —1. Lower bowlder clay. 2, illdglncial gravels, 3, 
Upper bowlder clay, i, 100-fotit raised bcflch. S, Moraines of large 
valley glaciers, 

Tl. /n/iflrj/frtrwiZ.—T^acustrine marls, etc., of BallylM'tngh, etc., with 
Irish etfc. Earlier submerged forest (northeast Indand). 

in. UZfwwi — Moraines, of small inlley glaciers. Detrital de- 
posilH of Ballybetagh, etc, “Head’' of Eouth cnast, oO-font bench 
and gray fiands of northeast const, Arctic bed of Mb of iLin. 
Lower pest bed. 

Wartfi 'W€t ;?crKpflf.—25-fool niJsed beach with Bouthem Linna, 

WfsnA drif period. —Pine forest, ETtension of trees up moiintain 
sides. Elevation and forma I ion of later submergeil foreijt, 

Reeenl /wrf(xf.—Upper peat, 

a THE POSTGl,.\CL\L, HISTOIlV OF THE LAND ARHah of NGRTRERN 

KUKOPE. 

After the melting of the ice of the last glacial period in Uermany, 
north Russia, and the Scandinavian countries, various terrestrial 
deposits were formed whicli throw light on the subsequent climatic 
history of the district. Chief among these nre the pe.at bogs, which 
have been studird in great detail, in Norway bv ,J. Holmlloo nnd 
P. A. Ojen, in Sweden Orst by .L Blytt, later by Gunnar iVndeR- 
Bon and R. Ftemnndcr, in Finland by H. Lindbetg, nnd in Germanv 
by J. *StoII<'r and C\ A. 

It is in Sweden that the question of the psistcnce and meaning 
of “forest Inyers” in the pent boga has been moat critically discuasttf 
The siiecession made out by A. Blytt (XOT) was as follows, the oldest 
pc-riod at the bottom: 
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wcL 

fiuti|H>real, dry^ 

Atljintlc, wL 
Bcireiil^ dry. 

8abiLrctlc ami mrcde 

Tlicse ];>i^rioi]±> an? udoptfid by Somander (108). He oorreintea the 
Ujreal perloiJ with the Anejflu^ lake and the Athuitie. siibborcid, 
and Bub-Atlantic periothi with tlie Liiorina iieritKl. While the iec 
was retreating from south of Scania to the Fjnlls (the tnonntainji 
nlnsut latitude IH*’) it was followed by an nrctie flora of xcroiiliiloiia 
typ^ wiiich Sernander regards as the wiujvaknt of the YoldJa 
porioil, but as soon as the jce edge passed the Jftiler-IIjalmnr Valley 
this flora for the must part disappeared, and the ice—whicli at this 
period was melting rapidly—was followed directly by SpUffnum, 
peat. The transition peritxl was marked by BctaTa odoi-ala and 
trtmvh^ but the cliaraeteristic tree associated with the peat 
of early Anr^'yhis time is the pine. Tlie late Anc^iut period was 
marked by widespread forests of birch (/J. aiU) which have left 
Lt well-marked layer of stools in tlic [x>ut bogs. To the evidenca of 
the tree st<Jols Sernandcr adds that of a snail, adela (//. tanu- 

found in sand of “boreid'' age in a boring at Ysiad, but 
not now living nearer tlian soiitiicast Europe. 

Ecsting on the tree stools of the birch forest is generally anotiier 
layer of l^hnujttutcA r^tat, often giving place to lacustrine marls. This 
U the peat of the Atlantic period. It is followed by another layer of 
^ooIj^ this tbiie of I’iiiuif nUvestrlH^ forming tho subboreal period. 
This is finally replaced by r 'Wfum, or ^jcat, which is still 

forming. In tho lake basins tbe stools of Phift» i4lvef!(rU ofttui occur 
on lacustrine marl, and are normally covered by the present u’aters 
of the lakn;^, being visible only in very dry seiisous. 

SemaniJer considers that tbo warm climate of the boreal period 
extended ioto the snb-Atlantic and subborcal times, since subboreal 
IJcntSj comparatively lata and near sea level, contain phiiits of a 
inono^ sjutbeni typo than any now living in the district, and hazel¬ 
nuts occur in ^wat far iiortb of the present limit of tho hazel, while 
Tj. 1011 lost (ItJO) has foiiiitj the pino in beds of .Vtlantic and sub- 
boreal age above its present upper limit in tlie mountains of southern 
Sweden. 

Tlie researches of Gunn ar Andersson (110) in pa it confirm lily it’s 
s«iimnce, but as regards the latter part of the [wslglacial period his 
coiiclusloiu nra very' different. lie finds that tlia melting of the ice 
in ii high arctic climate, the Urolhiscu of the ToMia wliicii 
Ifl Its etiuivalent, indiciUmg a moan aiuiiial temperaturo of —B* to 
—a® C., but the ccinditious rapidly improved, the mean Icmpcnitiiro 
at tlic boginning of tlie .iHf-yhM period l»eing at i3- [*. The 
early Aneylug period was marked by a forest of pines, wjjich as tlie 
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temperature continued to ri?« ^ero joined bj oiik; Xor^vuy muple, 
nnd especially hazel. Southern plants readied tbeir maximum 
northern distributian, and Andersson hue plotted this on m&ps iu 
the ease of the hiutel and the water Caltrop {Traps naiavs). Tlio 
summer and ntitnnin tempera lures during this period were about 
SJ* C- above the present, but the ivj, which is limited by the winter 
isothenii of —C., estended no farther north than at present, indi¬ 
cating that there was no appreciuble change in the winter tempera¬ 
tures. 

Andcrason finds that the passage from the lake to the 

LU&rina sea toftk place at about the maximum of tem[>eratiire, but 
very’ soon afterwards the climate begun to deteriorate, xitid as a result 
of the examination of the moraines of reccjit glaciers formed during 
the last centuries, Andersson ooiichidcd that a slow secular deteriora¬ 
tion of temperature is probably atiU tubing place. lie thus finds 
tlifl warm period to end at an earlier period than docs Semander. 
Further, he will not admit the alternation of wet and dry periods 
postulated by Blytt and Semimder. The result of the LitarinA 
suhsddenco was to convert the warm, dry period into a warm, wet 
period j as ihe land rose again the clinuite gradually becinue colder 
and drier until it reached its present conditions. Tba Qora associ¬ 
ated with the LUarina subsidence Euggests an tinnual precipilatio'n 
in south Sweden of about 1,000 millimeters. Tim tree stools of 
Blytt’H*‘3obborcBl” layer Andersson considers to mreur iit all levels 
in tlie pifttt. ami to bo i-eally' the result of ilie. btjg rising above its 
water tablo, 

Sernonder supports his enneiunions by reference to stools in lake 
ba.slns, and to calcareous tufa depusiL?. (ravelm (lU) studied tlm 
changes of level in Lakes Vanslem and Kalfien in Smaland, and 
found that there were two periods, which lie attributes to the boreal 
and subboreal periods, during which the climate was so dry- that 
trees were able to grow below the level of the outlet of the lakes, so 
that they must have been without outlet during the grtniter putt of 
tho year. The caicareoiia tufa of Skilllorp in Yustergolland. studied 
by Iliillli (113) bears this out, fur intercnlnleti in tlio tufa are two 
mold IhxIs during which it ecu^ to form and soil accumulated oti 
its surface. 

Altogether, the evidence seems to favor Semnnder’s Literprela- 
tion far more than Andersmn’s. 

Ill N'orway the sequence of events htis been described by J. TTolm- 
hoc und P. A. (^yen (113). In marine terraces of the niuxiinmn 
late glacial depression, associated with recession umniines on the 
Norwegian coast, Iteksliid (lU), Pyen, and Kuldcnip have found 
arctic plants, especially Salh> jw/art#. As tlm land roso the climate 
beemnn iiiorkcdly milder, and in a marine bed underlying a peat bog 
I IS nietcm above sea level have been found BeMa odomta. and Jani- 
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prr The ris& of tamportilure kill cotitmiipd, r&actiing' n 

iiin,TiRium niiire than 2"^ Jibove the present, when tho tipper limit of 
ih« fir in south Xornny wns 350 to 400 meters liigficr than now, nnd 
lit Ful^'fonn, in 60“ X,, as much ns 550 mcteis, luid all the coastal 
Lilunds, now barren, were dot lied witli forests as far as logo Island 
lit Xorth Cape. From this point the dinuito deteriorated. 

In tlio peat bogs of Xorwav, 0Ten also found evidence for a sue- 
cessJnn of w'et and dry jieriodsw The Tapv/i period {the equivalent 
of tlie Lltorina period) had a warm, himiid elinmta with a small an¬ 
nual range; tliis was the iM^nning of the neolithic period in Nor- 
wRj'. The peat of (his period is overlain by a layer of tree stools 
representing a drier climate, which at first was warmer than tho 
present, fomiing the nooboreal period, but afterwards becamo cooler 
forming the Bubborval period. Tliis in turn was followed bi' a re¬ 
newed formation of peat duo to a period of greater ramfidl, the sub- 
Atlantic period, the subboreal and sob-Atlantic corresponding to the 
Otfrea stage. TJie piesent period is cltaructerized by a somewhat 
drier climate, for trees are now growing upon the peat in many 
places. 

Til tho deposits of tlia Ma^ftra sta^, preceding the Tape* period, 
0yen found plants requiring a drier and warmer climate than that 
of to-day, but the marino ^fol]asca indicate a relativelv low tein- 
Iieiwtnro of tlm sea, so that there was probably a continental typo of 
cliniato with warm, dry summers and severe winters- Tliis is home 
out bj' the fact tliat tcriTJces of erosion were far more marked than 
terraces of deposition during this period. Conditions in Denmark 
wore fairly siniilnr to lho«>e in Scandinavia, except that trees ocenr 
more frequently in the peat bogs, and there ia no dhitinct dry period 
corresponding to the boreal of Sweden, Tlie succession made out by 
Xordmann (114a) is os follows: 
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The-rupbcHRcnt of thcs oak bj tlw lKN!ch duo ruLher to n de- 
eroaiio in the siimaier wimuth tbim to n duin^ in the hutnidUyi 
thiB decri5B50 in temperature appears to be still in progres% for tho 
beech, thoiigh thriving in the south of tho country, has difficuHy in 
maintaining its ground in the north. 

Ecgftrding the postglacial period in north Germany^ a great 
amount of cvideiico wa^ presented at the International Geological 
Congress at Stockholm Sn 1910 by Hemn Schulz, Kmu^^ Itumann^ 
Weller, Stoller, Graebner. Menzel, and WAhnseliaffe (115). The 
v\e^E of tlu^so Diithors are very eonflieting. The prevailing note is 
ono of catiUon in the handlitig of peat hog ^ection^ us tliero is a 
nahimlsC(|U^noo of events in the growth of a Iw^g^ quite apart from 
climatic rhanpirs. The normal section of a north German bog ac¬ 
cording to C- A. Weber is: 

L Glnctnl llwr 
2 . Lii-ciistrhhD denoaTtfl, 

Si pent- Tcluiiitlc, 

4. Bnidl;w40(] pent Semi terrestrial, 

5, Flf i4wl hirrh wikm] pent abore Rcncnill}- n lajcr of fir fjtnoTn, IjiaSow 

one or two stool Inyt^rs. TurresitrUsL 
Al 'Plilcr ffpftoffouei pent, ScmliLTrci^trlnL 

f. “(IreaxhorliKoiiU'* a Tmnleuetl «urfnc& wiili heaUi ttcAL Terrtasirlal, 
®. Ynuaiarr ^phapnum Semiterrestrlal 

In the first sis of ihpse bfds lie finJs nothing which is not the Ut- 
roct rcsiilr of the growth of the pent hog, hut tlic Inver of heiitli pcut, 
Xo. T, can not bo so explained; it ceititinly irttlicutes a very niarkctl 
and long dry fwriod inlcrcHlateJ between two wet periods. The 
“rirenztorfis r wide^rcad horizon, which according to Weber 
falls at the end of the neolithic, long ufh>r the Lltoritut periotL Ra- 
mann, however, considered that even the OreiiKtorf is a crHLSfr- 
qiienee of the t»ftt outgrowing its water supply, 

,r, Stflller, ns n result of studies of pollen grains in the peat liogs, 
also regards the Grentztorf us representing a dry period, during 
which the ottk predoinlnalwl, but ho places it at Uie end of the An- 
ctfliii and the beginning of Zifor/n« time. Tiie melting time of the 
ico was dry and fairly cold, !he remainder of p<istglacini time was 
moist, riradiimim also assumed two dry periotls, one late glacial, 
and the (>lher in tlie neolitliic period. The latter was marked bv 
the Grenztorf, Iocsm younger thim Penck’s Daunstodium (see Switz¬ 
erland) and steppe mamnuds, especially loige ntimljcrs of wild 
horses. The researches of Schulz on the origin and present diatrihu- 
tion of the plants of north Germany also point in the same direc¬ 
tion, and suggest that nt one period the summers were warmer thmi 
and the winters ns warm o-s the present. 

Prolinhly (he mo.^ valuable of the contributions was that by IL 
hfonzcl, dcalirtg with the laud and fresh-water Mollusca. He 
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divide!^ tho occarreDcea into n Dumber of zones, which, with tlieir 
cUmBlic vftlues and tliclr probable oquivaleGts in the ^tien<!0 of 
lloros nncl in the liflliic period^ he tabulates as follows^ 


;iUjllU!KlU]i IQIH*. 

Clln^. 

floral p«tlD4i- 

LLi^Uo fwrledi. 

Otr£r»viaa^ luiil 

/Jri'if frtrawlk. 


DMcii 

! i 

1 Jifpa P*tiiDllr 

Pl^wrrMf tomm* 
ttdipqa drfpoM, 

Trapfl¥4t* 
('iomiwhit duBp«}. 

HJlii 

r«9^d|ll unlnB^ And 
itriw at Lbft b^lEmlni 
(fuattiiinliJj.. 

OpPl^ mill IttM IWtoi, 

Liawfmf iwlu4. 

I'iitmuM* ^nHtk-t 

BnbAlfiKi:. 

?ifl* nii4 

pprtotl. 

Artllc UdlliiKa. 


I>Tpai^ 

Y^ia iHrkxl, 


Referciico must be macle also to a paper by R- ^tahl {11^) iix 1913, 
in which Jluctiiations of water level in lakes and rivers, attributetl by 
him to the rising and falling of the Baltic, were ilcmonstraled on 
archeoiogical gTyvinths. Xeolithic dvs^d lings of the begintdng of the 
LU<^im peri<^ iti Lake Drewitzor ware submerged later to a d.epth 
of 5 to G meters. In the ""Wendlan-^ period tho water again samk so 
low tlwit the island of Wend was habitable. He places the Orenztorf 
lit tho la’giJining of the LU^Hjia period. 

In the face of this diversity of opinion it 19 difficult to fninic a 
working idea of the course of events, but a few pouihi may lje men- 
tioncil. In the first place, it seems fairly certain that since glacial 
times there have lieen tw'o dry periods in north Germany* The first 
of thes^ occurred soon after the irtrcat of the ice from the Genniin 
coust^ and probably whjle it still occupied part of tlic Baltic. East 
and northeast winds acting on the a^atcrials left belilndT built up 
dunes concave toward the west, which have snbsequenil}^: had their 
eIoiw but not their shape modified by w^est vrinds, as described by 
Solger and Svastos (117). Tho clinLnie was still subarctic, but aa elc^ 
Tation had already cominriiced in nortli flermany this stage is often 
attributed to the Aneytu'S i?eriodj though it corresponds in phase only 
and not in time to the An^Tm period of Scandinavia, When the 
clevaliofi estended into ScantUnavia and tho Baltic became the fresh¬ 
water Amr^Iv^ lake, tlio ico was retreating rapidly under a climate 
which w oB by no means subarctic, but which wina distinctly dry and 
continental. 

Thus the beginning of tlie ditcyftijf porioci in Scandinavia was 
marked by a dry climato probably due both to elevation and to the 
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Testjge« of tbe iccKlieet, but in Gcriuuny, where ok'Vatitin wan less and 
tho id} WR3 thotn remote, I ho tniwat of ibc continiiatiou of the drv 
IKsriod info (Jio periml of liigher ti-mperatnrcs are slight, Probably 
also, ia the course of devdopiuetit of modern storm ti'ucks, Xorth 
(Tormany became more bumid earlier than Scandinavia, 

The “Grettitorf’’ is separoteti from this earlier dry perital by a 
ooimderable intcnml, during which Sphagnum^ peut accuiniilateth 
This Sphayv»m prat falls tiatunilly into place in the period of tho 
Litorhui depra-iaon, and the “Grenztorf’ would then be u^hted 
with tho elevation which ternijaated that period, II^ occurrence 
fintk an obvious explanation tn the high tempcmlures whirii pro- 
vuiled at that t imo over Scandinavia, allowing the cyrioTuc storms to 
take a more northerly tourae, eo tlmt north Geraianv Inrgtiv escaped 
iliom. The “ Grenitorf then corresponds to tbe boreal period of 
Sweden, a correlation wbicb is coiiiirmed by tho fart that each of 
Ibeni is BKiociatdl with predominant forests of oak. 

At tiio International Congress at Stockbolm short mvoimts were 
given also by Knpfer and Lindberg of investigations in the BaUir- 
Provinces of Hiissia and in Finland. Knpfer found that the cold 
climate of tho Ira'it glaciation was followed first by a aitbarrtic cli¬ 
mate and then by a dry climate n>-sembling that of central Russia 
This, which cviflently corresponds to the .Incyfwjr elevation gave 
place during the LUeririft snbstdcncc to a damp, warm period wbieh 
brougtit the climtite and vegetation of the western European coLLsts 
to the eastern BiJtic. Knpfer rnnhea no mention of a second dry 
periml between this and the [>rei>ent day, but such u dry period iR 
Riiggested by the reference made by (i. 1. Tanfiljew at the same con¬ 
gress, to layers of tre’c rtools in the peat, nnd to the gradual replace¬ 
ment still coiitlmiinjg of forests by steppe in retitml Russia, timugb 
Tanfiljew did not attribute these plienomcna to climalie ehanara. ^ 
Tbe mnaat important result of the work of Tl, Lindlwrg wits the dia 
covnry of a wdl-marhed warm periotl in Finland, chiirerterixed bv 
the occurrence of a horizon with Trapa mlans, rnrear p>ieitdomp€r>i'>i 
anil Cmit&phylTim tfcDifmtm. Traptj. Is now entirely extinct in 
[■'inland; the other two are fniinr? in pent beds far to the north of 
their present hahitat. This warm period coincided with the latest 
Ajipplm pcriml and the maximum extent of thn Litorina Sea. for at 
SakkoJa in the tlarelian Isthmus (and in the island of Aland in the 
Gulf of Bothnia, as recorded by P. H. Olsson in IDOO) the Tram 
bearing deposits are directly overlain by beaches of the Litoria Sva 
Briony snmming np. we find that in postglncial times in northern 
Kiiropc there Imvo bren two dry periods, one precetling and the 
other following tlie Litonnn stilisideiire, nnd tiiat in tho Fonnosoari 
dion region thiau two dry poriuds were aisu warm. 
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Having now dcoli with the wLolo Area covei^ b}' Uio Jtotib Curo- 
pean sjst«m of led sheets, I can t^tum to ccotm! Europe, nnd refer 
to the gtaciation of the Alps, Here one great work — Penck imd 
BriickuerB ‘‘Die .jVlpeii iu EjssMjibilter'’ (UTa)' — entirely Uuiuinutes 
the literature. The authors adopt a fourfold glnciation, witlt re¬ 
treat atndia since the lost glaciation, the complete scheme being as 
follows: 


tllOHM. 

1 

^ PunlJanaboul^ 

ffqp.—nT UOtaflOQ tai toWglq qftliin Alpi. 

Ottuia n Our kiH]rwl«|]^« Qd BJiii lA luit LlMtuMr liii^ 

IgLj Wsw than fUTW. PiictflTwdwtl^ Df RtifiM 

OuiUwJ/liiJrJ fikfcPfhckJ'^-^Nodiiltig li Imatrst iriLll ^rntii Iba rd#- 

tlaaAoftbtpmvfli^{iltl]*GucLi vilih ttLQHt^ibttlfinddsIqcfiiiim, fudtimkoi 
W :ffg4]«l4j tu that vf liiu RfB^Wiizm IntirElvM. 

1 T 

loaAtaiiiaiElAdftiiaa urkwih^nortiiwi, wiiuhI huil^ 
iP^HTf OvB Aljv. f^EUFrliaftabout natifi bilqTtbtjirMfit IjOW Pdkkqn- 

Xhaiun or R^liw VilUy. 

MiHkf-Alid- InffViirjp Tooi la dunllMii: m- mol euududI od wocka uad 
wootJ^winc WEB olfacted. At Lofla p«| with j3>-^ikhr gSrplutM 

aKijidOjwL 

vutidiomallM U nkhyrzvd to UiIl ChaUKt. KLerKll^ wunwd tbU 

ptiEau'^aj*4-*l 

Rfn gfefctfiom,—¥ft?rJittnto uhidiltioh In tho Rlibl* VfttlOj, FnkiKw, SiirlinrlaiaLL 
UhlLlbtFDYalliu, Rkri) ¥iii;lp 

Urtnn. HlEh twm of RhJfu Va1Ib7+ 

£k»^tlVrH. IIOdmtH'id}- thcri HBiKmt ol wthJob ani WHLthwInf 

co,i0oa jmt$. 

JniJjE^|«iidiR«llm imljr OHHlfifmJ] u Enkt ks thAk of IIlh ¥h3d«l-$Uaa lutfiT- 
plfidaU Wazih tiiui tlto piWAt. Fkr* of IJdttinr hiwiA fnOkAtH a 
h4c1tiiir. Ficma Indu^ln KkfA** EvHfEitJt uid filiiwicrfTiki 
MmkU LMt* Muuitofkii^ Mut o< 0^ Wia Imi IIt« Ewcluf^ 

lllmt — Lw |ei thou th* Rki EkniAlioo. Tim Bacnr tku lajr 

abwt nvUn tom than ml pcwuH, FAiaaii juiij Jlprt Arrtte. Tn llio 

Tnl^iHlii t4 tho WuriD cluUtiim vu «l InUntidloJ perffhl,, tlub 4;^^^ hthr- 
sfdirjiaL — &olBtn^,wilitjb^cliiQ«,inrl]r HofdalaialarL LowtHinHof tUaino 

p«t-VVLLrni iMflad, 

VaJlij. Kwt DKURtd €4 |£n, Mhrtrpdi bf ajJij^t re^droEiEOk lha 

a],fld0 ytan. 

^oAUddfKin, ItthOI^ l[j» ttOh raetmlflWW tllim IvW If^^ihlJrnljtli. 

Post-DiiM pvlDiJp 

IVdirnd 

Rl^Xn J«4ri. 

SiffdtaPt.—Snnw \iiw UCO wtffn Iowk ilunn jflatEhm—i^iunir jhw 


300 nmtf^ lovar. MldtUa XH^JUilf. 

ftiXXi ytan. 


The authors Lave no data for the duration of tho glacial periods, 
but assuiiie arbitrarily that the duration of the Wuim glaciation 
was equal to that of the SlBS-Wurm interglacial, or 60,000 years. 
This appears to me far too long, for on their own showing the 
retreat stadia can not have lastcil more than nhout ■1,000 ycaiR each, 
3'ct tliese sufficed to accumulate wcll-iunrkcd end moraines, and in 
.Sweden, Do Geer has shown tlmt a few centuries sufficed to form 
the great end iiioraines of Umt country. 
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In the southeast corner of the Alps llie ilepression of the snow line 
was much less than elsewhere, being only about 800 meters both in 
the Wiinn unU Riss periotJs. This deviation the nufhore uttrihutc 
to the fact that owing to elevation the Adriatic, from which this 
region draws its supply of moisture, lay at a much greater distance 
than it doc^s now so tlmt the rainfall was less. ElsewherB the amount 
of inf all appears to have been sunilar to tho present, westerly 
winds still being the chief rain bearers, and the glacial periods were 
caused by falls of temperature, not by increases of rainfall. Tbis 
is further borne out by the changes in the fauna and flora. 

A few remarks may be made oliouL the contributions of other nu- 
thm^ to the discussion of Alpine glaciation, R. Lepslua (US) is the 
only author In recent years who has disputed the fourfold glaciation 
of the Alps. A paper at the Intcmational rieological Congresj at 
Stocldiolm in 1010 explaining all the ^Vlpine phenomena as due to a 
■ingle giflcifltion was badly i-etseivctl and its very apparent weak¬ 
nesses pointed nut by most of those who took juirt' in the discussion, 
Tho modest valuer attributed to their inlerstadial periods by iVnck 
and Bruckner hove been omplmsized by various authors, A Schttli; 
(110) eoiislders on botanical grounds that the interetsdla between 
the Buhl, Gsehnita, and Dniin stadia wrie warm and drv; A. v 
Hayek (120) postulates one warm-dry period only which he puts , 
tho GschnitJi-rhiUn stiidium. A. Gutzwilier (121)' finds that u( linsl„ 
the younger loess uverlies the lower terrace and was fyrmed in the 
pre-Biihl interstadiiim, .T, Hng (122) hag shown that at Zurich 
the Rhine during the llindpbRiss interglacial cut down 10 to 30 
meters below its present bed ; and afterwartk fiUfti its valley with 
high terruco gravel. The Rhine erosion dtlring this intcr^^lncial is 
cstuiiatcJ at 310 metcis. Further, between Basle and Schlaflhausen 
the tower terrace ctf the Rhine is (Uvid«] into two parts, at .30 meters 
and 18 metera above the riyer; the former posses into tlie otder 
glacial wall, so that the loiter nuist correspond to tho roirent moraines 

A criticism of the views nf P.^ck and Bruckner is mmlo 

by H. Obermaicr (123), who entirely rejeck Penck and Briiclincr’s 
mrn-littion of the arehwiogical and geolt^eal stage... puttim? the 
fTiellcan m tho Ris^\^ non mterglncinl iiwtead oMn the iSdel 
Ri®, the Mouatorlari in the Bhimi glacial }ienod. and the \urifma- 
oran and .SoUiti^.in ^AVurni. Tins ,«per d-icg not awm to have 
much value m itself, since it is 9U|.],oTti>d largely bv the Ujgenious 
manipulation of Penck’s own dal a, but tl repreanm the vic4 of a 
ntmiber of French gwlogL^ls. Its proof or dispmof largely ham^ 
on the correlation of tlio Alpbo glaciations with thoai in ntW 
potwi tries* 


OR 

m 

s 


QUATERNAftY DEPOSITS OF BnmSH ISLES—BROOKS. 3SS 


OORRBLA’nOX, 


Direct comlEition ttiHi the norfli Genrian plain is ilifficult and can 
onJv be made on genera! grounds. In his chmnological studies in 
Sweden, Do Goer found that the retreftling ice reached Uic soutlL 
of Scatijfi about lii.OOO years ago, and ha allowed another fijOOO years 
for (ho recession iierosa the Baltic, making the maximum of the 
Buitic readviinee IT.OOO years ago; this agrees very well witli Penck 
anti Bi ik'kner^ datum of 10,000 years for the ago of the liuhlstadinm. 
TrVorking backward from this, we havo— 


Kcorrn 4iintu.iRT. 


AUPB. 


EnlEic refillvdni'U, 

Bnltlc l[itor^i|t£iU 
Tlilrrl 

wHh /*, 

Rladntlan^ 

Int€r);ln-cl[il with P, 

Fimt gludntlDD. 

Tlie itifflrgifflriiil with A 
Kiss inter^^lacial in Swits^e^]Qlld 
sjdcral>lfi tectonic ctisturbance. 


PS rat l□t«Tj|t]|dla1. 

WnriD glaflatlac. 

R[iis-Wurfu Int^rifind'lnl, 
iUas jftuclatlun. 
i^Eudel-liiss IntcrglnetBl.. 

^iidnCloiL 

OtniK'^Tlnilell InterRladnl. 

QhTiK g^acLatlon. 

in Gerninny and the Itindel- 
erc both long porioda witli con- 


Correlation with Holland and the lowor Rhine con be made by 
means of tlic Rhine terraces. In the upper Rhino, at say Basiel, we 
have the iippei* Dekkenschotter, lower Dckkcnschotter, high terrace, 
and Tow terrace, corresponding to the first, second, thi^, and fourth 
glaciatioiLs. As has been described in the section on Holland, when 
these are traced downstreom they converge, the lower Dckkeoschotter 
Itecome the chief terrace and overlia the continufttion of the upper 
1 Jekkenscliotter, separated from them by finer deposiU and by the 
equivalents of I lie Tegeleji clays. Tiie liigh terraoft becomes the 
series grouped together os higli end middle temicee, and tlie low 
terracei remiLtns iinchangetl. I linvo already correlatet] the chief 
terrace with the niaiimutn glaciation of Holland and this with the 
first glaciation of north Germany, and the high and middle terraces 
with the sec-nnd glaciation of Holland and Germany, so that ttie tliree 
districts fcinn a triangle in which all the correlations agree. These 
fit in better with the arclumlogical vjevi's of Gagcl and Penck than 
with ihoso of Schmidt and Obermnier, hut this point must be left 
till later. 


10. FRANCK, 


The Alps extend into France, but nothing need ho added to the 
section dealing with the glaciation of that mountain grmtp as worked 
out by Messrs. Penck and Bruckner. In addition to this there were 
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local centers of ^lacmtion in tbe Vosges, lUe Platen n Central, nnd 
the Pyrenees, but the importniit Quaternary deposits of France 
arc the famous river termixa with their paleoUthie iinpleiiictit& 

The Vosges extend into Alsace, w'bere Uiey have been studied by 
E. liicliUDiucher and W, Dumea (124), who ciislttiguishcd three sets of 
gravels, 0 . mass on the plateau, the Dekkensehotter, which can not 1» 
split up into stttgiss, and atso two imirkcd terraces in iha valleys. 
The older of these wm dissected into more or less isolated portions 
before the fonmitioii of the younger; it ends upstream in accumula^ 
lions of bhiclis otid paldics of bowlder clay, ivhile the vniiugcr ter* 
race ends upstream in well-niurkcd nioraines, 

Tlie glacial stages of the Frencli high Vosges were also investi- 
gatwl by A. U'pplii. (li!5> nnd correlated by him with the terraces of 
the Mostdlc Valley and thus with those of the !Rhino A^allej. He 
linds evidence of four gladatioiwi 

1. An ice sheet covering the west and south Vosges before the 
formation of the valleys. 

2. A glaciation which filled the vaneys of the Vosges w lien tiiese 
were still only sliglitly eroded. 

3. Gccat ilosi'llq (ilaeier of the low valleys with its end moraines 
jit Eloyes and near Koir Gueux, 

4. Younger glaciation in the sources of the Moselle, Moslotte 
Vologne, and CJcurie, of less extent than the preceding and its end' 
ruoraincs inclosing lakes. 

The first two of these t'orrespond to the upper terrace group of the 
ifosclle, of which the lowest singe is the chief terrace, confiuent with 
that of the Rhine. X<>. ii is therefore identical wilJi the first glacia¬ 
tion of A^orth Gemiany mul the Mindelian glaciation of tho Alps, 
and 5fo, 1 tiitiy represent the Giinziaii gliiciaticm. Xo. 3 gives rise 
to the middle terr;*ee group of the Moselle, 30 to 100 metera above its 
bed, tlie lowest stage of which Is the high tclracc, confluent with tho 
liigh (erraco of tlm Rhine and therefore representing the second 
glaciation of tlermany and the Ris^ian of the Alps, Xo. 4 giv&s 
rise to die low terrace group of the Moselle, 8 to 30 meters above its 
presjent bed. and must repiwnt the Wurm glnciation, 

Tlie formations of the Plateau Central were described in detail 
by E. Hang (12ri); they contain very rich mammalian faunas. The 
oldest Qiiatcttiary deposits are the Ihuniccous canglomenites of Per¬ 
rier near Tssoire (Pflyde-Pome) and the mastorlon sands of Pfiy. 
They were allribntod by M, Houle to the mid Pliocene, but Dep^rct 
bus shown that the fauna is strictly Quaternary, indliding besides 
A/asfoafmi, fi’fepArta mrrnKomi/w, ffguuM, and Bog. At Perrier thp 
beds have filled a valley cut deep in an upper Xcocene Uailtic flow 
they consist of alternations of gnivels and qiiart7ose sands, with largo 
blocks, often forming a conglomerate. The blocks are derived from 
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all the ypocene bcHle of ^FiMint Ikirf; they arc Kngular anti .sometimes 
striated anti polished* A. Michpl-T^vy consiileml the formjition to 
be btit it is not u true moraine, M, Boulo con^dcred it to bo 

R volcanic agg:lomcnitc, but Umig belieTcs it to bo similar to the 
palii^nite formations of Icdand foriued dnrt)^ the nielting^ of 
gliiciers by volranb eruptions. Hie muinmaljnii fiuina closely re* 
senibios tlmt of the Val iFArno in Italy— 

mim cran^^ldi'Ttjf^ llip/jarwi sp., £L/jWits xh:ihonfjr^ Tapirti^ ffrrrr* 
nen4^^^ RfiJnoct^rm Boit Eh- 

pkas primjffcniuif (/). The horiy^n seems to lie OunrJaii. 

To the same horis^on lielotig the MfiAlod&n sanck of le Yclay, in 
the Loire Valley, formed when tlio ri ver lay much above its present 
leveL Theso consist of lOO meters of sancts^ with cold diatonns and 
temperate higher plants. The sands contain sevenil busaltlc flows 
and ugglomcrates. The fauna is similar to that of Pemer* but in* 
eludes also Bkln&cci^» leptariinu^j IJ^aena^ and Mm^&dcn 
while A, IjauTtint tiud Eroquin found at Croms {llatita Loire) asso¬ 
ciated with the two species of Mojifodott^ a molar of Ehph^^ primi- 
ffentu«. 

In the Perrier Valley this formation is overlain by tlio “sub- 
basal tic alluvium of Cantal and Vday, Near Puy ^f. Boule found 
in a fine gray bed overlying llio coar^or .Va^i^don sands 
radus /taui^fdhi^ /l!/atn& E^jvu^ j/cnoaif* Rhtiweerm 

etrmeus^ Ilipp&p^iamm nuzjor^ Cerm^ Bq 9 td<i£m^ and 

EIrphas 'meridional The presence of Uippopot^niuis milicat^f^ a 
temia-rate climate, but tlio fatma shows the Iwds to be still early 
Quaternary, so that the “subbasaKic alluvium^* miiist fall in the 
GutiK-ltintlel interglaciaL 

These alluvial depoaita lire overlain by immense flows of plateau 
basalt, in which the later Quaternary valleys are deeply cut. On Ibis 
sheet of baj^lt iu ihe Cautal rest the oldest undoubted glacial remains, 
llioso of tlic “ plateau glaciEtl of Boulo, It is very well developed 
in Cantal and on Mount Durd, but there k no trace of it in Velay, 
Tlie plateaus are cov'cred by thousands of small roehes moutountvs 
often striated, and with erratics on the !eu side. No iiiuniJoe^ have 
been found, but to tho west, near Bort, arc fluvioglLiciiil lernices 200 
meters idK>ve tlie Donlogne, 

lu Uiis old glacial level, the valleys of the Dordogne, the Cere, and 
all ilio great valleys of the Plateau Central, were cut during the fol¬ 
lowing iutrrglaciaL In river deposits in these vnlieys in the 
Auvergne are FQn:tniiis of ArrwoJa s|x, EL Alcrf^kiy 

/lippopotamm amphiihijt^ Aaphm^ /?, iiiiermedim^ C, 

Bhon prh<^ and EEpJtm c/* TneridiOTiolis, In 
(he valleys of the Jordnniie and the Ccrcn, in the Cantal, I^- Marty 
and Al, Boule have described very fresh lateral and frontal moraines 
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whkh downsfream pass into the low termed. 20 mders aljove the 
prp.spnt lord. This hij^h tcmee in these velleTs Ls 40 meters nhnvB 
the present lerel and indicates an older glacial extensionj for it con- 
tains very hxg blocks, fionietimes little rolkirlt but the moraines cor¬ 
respond to this frlaeiation nns ??lUI unknown or have not yet been 
distinguished from those of the last glaciation. The loxver terraca 
near Sari it ve contains Elephas Rhzn^c^rof^ tfeho'rhdmw^ 

tGrajidm and late paleolithic implements, and must accord¬ 
ingly rcp™?ent the Wunn glaciation, so that the higher temce cor- 
rosixmds to the Riss glaciation, and the glacial remains of the pla¬ 
teau to the Mindeliau. This correlation is fort her borne out by 
tb& succession in the valleys of Aquitania and in the Pyreneci* Tim 
glacial phenomena here werB investigated by A. Penck in 1335 (126), 
The moraines almost everywhere rest on ancient rtM'ks, [ind he was 
unable to find two superposed moriiines sepiinited by temperate de- 
posib?; but there is a clear di^inclion between exterior and interior 
series of mornints, the latter Ixdng the younger. The snow line was 
about 1,060 mclers below ibe present; there was also a late glacial 
stadium indicated by a chain of valley lakes with the snow line 600 
rnclcrs below the present. He illstingiushed throe well-marked de¬ 
veloped grsivel tciTaccs, especially thick in the Toulouse region; they 
con tarn striated pohblca, and the two older are weuihered much more 
ihan the yoimger, Tlieise torruces were inv^eatigated In nioro detaiL 
especinny in the valley of the Garoone by M. Boule (127) who 
diowed the existence of four Icrraces, at about 130^ lOO, 55^ and 15 
meters above the present valley. The two oldest of these are very 
much weathemh the granite pebbles being entirrly decompr^sod; 
they can not lie connected with any mornines. Tire thiid or “high 
terrace,55 meters h formed by pebbles nnich le^ wentliered Ibnn 
those of the 100-meter terrace, but the gmnites and schists are some- 
w*Iiat altered; tliis termcv apparently corresponds to older mominK 
in the Pyrenees* Tlie third terrace con tains quartzite iru piemen ts 
of Acheulien type- The low tonmeo fl5 meters) is composed of very 
fresh pebbles together with weathered Ones fruni the high terraces; 
upsiiruatn it passes Into a veiy fresh moraine. These moraines and 
the Iw'o lower termcjes can be distingui^rhed in most of the P^Tenean 
Valleys* 

Suairiiary for the south of Fiunce and the Plateau Cetitral; 
Gamelaa : (?) PaTnlrcfHi* pcmfiioiripralp of Poirter (Ptiy-de-DDme)^ 

.tffUiroifHrjfl [vaatlrt of VflBjr, 
iSO-nwtcr leivnce of (laronce. 

Gans-^tlailol: ?!TibhftBanHr alltn-Ittni of rrrrter (Afftcharmd^9; EUpha^ mcH 
ditmaUM], 

MloUdlnti; I'lftlrtiu irlnclalof rin(i:>ad CentiaL 

20Onipter i ftiwIo-Riaelal) tcirnicc of Dordopke. 

10(K meter terrace of Gnraanc. 
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: ErosloD IB l>flrd04;TiB otiil <f!iroEiiw. 

Bi-ds with ^fr/vpo^aMH4 Bod flh'mocerQ& Mer^kti of Dordognt 
l£L;^nn; ' '‘KIcTi termer ( in mete™) of r^r»rLlaj;nie, wUti big bIcNjkii, 

LemtcK of Garonne^ with bIiUt EDomhiOB. AchoulLiti. 
Woruitiia: "Low tcrracomoten} of E>oriloiniP. jwissLnir Into x'cry 

frojBi momlBcs, 

IS-m&lor toirnoo f»f Gurnnnfi^ with ^oiin^r tl30nilnf?s- 
PAftl5l ItlAlN. 

In the norlli of Franco wo hfive the Paris Basing wliich is impor- 
tnnt hecfliise of its fntnoii!? pnJeolithic sites. The se^iiieno? has I>oea 
freriiiciitly studied, the results Iwing snrnmarizod by J* Ludrj&re 
in tet90-91 Bnd more rerenti}" hy E, Hfiug: in 1012 (1^3). The 
<»idcst Qiintemniy deposit of the dintriirt ajipears to be a bed of coarse 
sand and fine gravel ufc St^ Prest, near Clmdres, containinp^ 
iheri^i Cuvicn^ Egum SlimOTu^^ RMn^eroA sp*, Sippopofam^iJt 
wv7/i?r* r<trviil&n(m and Kirphm associated with 

eoliths* llippopofiimuir shows this to he a temperate faxma, nnd 
from its an^^ient facies, in spite of the nbseni;^ of AV&chaerodu^^ it 
must 1 b? referred to the same horizon as the subba^ialtic allnvium of 
Perrier, i* e.^ the I iiinz-Mimlcd interglacial of the Alps. 

In tlie Paris Basin are three pTivel formations, the plateau 
gravels^-^ the ^high terrace,'■ and the “low termcc,” at Paris these 
two terraces occur on the slopes bolow the plateau grarcls at heights 
of 3t> irietcrN and o meters above the level of the Seine; downsti™m 
I he high terrare corner to rest on the plateau gravels, in which case 
they are separated, not by a fine interglacial series, but merely by a 
bed of coarse, gravelly sand. Tlio two deposits tiul^ not W sepa¬ 
rated* hrit miiKt lietrciited together, like t!ie 130-fcKJt and IfKbffiot ter- 
racers of the Thames east of l^pfiflrsn. Tlie plateau gravels on 
the mammaliferous sind of St* Prest, while stnttigniphically they 
evidently eotrespond with part at lenftt of the upper terrace group 
of tile AloseiJc, The pebbles composing them are very much altered, 
and they contain aome big blocks of gi-nnite. The platcati g:rwvels 
contain in addition renmins of Ehph/i^ and IfMnocer^ 

twhi^rhinm^ and in the Seine Yallev^ also E. (tjdiqutts and BL 
MercMl 

On the graveta of the high torruce^ often rests a thick series of 
finer S(hH ments—sands, fine gravels* and Hays—and a sitnilar series 
often underlies tlie gmvolB nf the low^ temu e. beds contain 

an interglacial fanniL including /lippopot/jm.tt/i awjor* BAini^c^roif 
and EhpAfM antiquus. This warm fauna is associated with 
implements of Cliellean type. 

The sm-ceeding gravels of the*'^ low terraco ” contain a welhmnrkctl 
cold fauna— primigi^ni^i^^ BA£no&^rC 9 tichQrhliiusj and Cer~ 
G5133*—BM mi7^—24 
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VU9 tanndufi^ associnUcl with llouaterkti iniplaments. The division 
betwwn th\B bed imd the preceding beds with the warm fauna is very 
marked, e. g ^ at Chelles itself^ cemented sands and graveb some 
TijeterB above the level of the Ala me contamiug antl^^ius mid Chel- 
lean imple-menta are overlain with an eroded junction bv loose peb- 
hloB of the low terrace with E, primi^em^ts and Mousteriun iraple- 
inents. 

To llio interg]acini between the lugh and low terraces miiErfc be at- 
tribiittsl the tufa beds^ 15 mcter$ thick, on the banks of the Seino nt 
Celle-^oas-jrorct, resting on ailuviurn with El^phm The 

lower and middle part of the tufa bed eon tains besides willow, biiich;^ 
poplacj et€,j leaves of Latim$ mbdky Fimi^ niricrt, Cercij^ KiU^a- 
si rum (judaca tree) and Busrus indicating ii climate 

milder than the pnasent; this part contains Chellcan implements. 
The upper part of the tufa f^intains only local plants, witli Acheulian 
implements; it is overlain not hy gravels of the low terraceT but by 
the loesisdwim which overlies those gravels. 

Final conhnnation of ihe correlation of the high and low terraes 
of the Seine with the first and second glaciations of north Germanv 
is given by the Mollusca, for at C^rgj near Pontoise. in sands and 
gravels wiili Elep^uis anipfuus and ChcUcan implements, occurs a 
fauna including C&riirula Brjffmndm §ihba^ and 

tciUacul^sin^ whllo fliiTtunalh has also been found near 
Abbeville as^sociuted with Chellimn implements and the typical 
Chellcii fauna. 

The later stages of the glaciiil period in the Paris Rasin are known 
only from the cave deposits of the Cure and Yonno Yallo^is (120), 
These contain three archeological horiafiotis^ separated in two of tlie 
caves by flood loams of the Cure. The lowest horizon contains 
Acheulian and Moustcrian imploments with remains of ElepAas 
Cervus idramiuSt l\ ehpha^^ Rhiru^urcs^ Felk 
U^aetta speti^a^ lllppopotainys m^jor^ and rodents. 

Thb is B mised fauna, and since Acheulian implements are asso¬ 
ciated witlicold forms, and Alonsterian first with cold and later with 
wanii forms, it k evident tliat this horizon rcprc?^o(s the low ter- 
luce of tlio Seine and a succeeding mild interval. 

The middle borisjon contains Aurignaeian implements nsjscjciatcd 
with the same fauna except Bipp&potamu» and Edis, and in addi¬ 
tion contains? the iwiar fos, ibes, chamok, and elk The Soliitreiin 
industry is imperfectly developed, and the nppar horizon contains 
chiefly Magdalenian implements associated with rerrm fam^idus 
E^um raldllfts, and The last two liccb therefore indicate a 

return of cold conditions, which must bn the e<puvalent of the third 
glacial of north Geimiinj and the Wormian of the Alps. 
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SDMME VALLET* 

Comniont (130) glvtjstht following p-neral successioti: 

At Annflins nre four principal swines of river graveLs, sepa- 

mtod bj sloped of cliiilk, 

1 . Tcrrtirc nf lO nketers (aldtcula 23 to meterq; IhkI of fkmimo + 13 

mctcTO; }iyw temico^ 

2. Tcrniw of iiJieJji‘r«( tiUEmde 40 Ko 4 !j in*'rcrR, Aclirnlli* 

3. Tpitp™ of 40 miitoTTS, dh-IxlbLe Into two tK?tIflu 

'L Tcrrnco of Ka invU'!rs+ wbtrti ocfnpLcfl tho ^mmlt of ibe iilatean. 

All these terraces are iudlne^l downstreamtheir altitude above the 
present, bed of the Sorinne diminishing as they approach tlie sca^ 
and lit Abbeville the second terrace reaches the present level of tho 
Somme* Gravels of the third terrace Imve furnished a Hom of Piio- 
ecae aHinilie^ iiL Abbeville* and reinaiiis of a “ pre-Chellean ” 

iiiduHlry at Ajuiciih. The true C'hellean charflcteris&es the 30-incter 
Icrjuco, and “ evolved Chelleah’^ tho 10-meter terrace, with Ekpha* 
anti^u& anil Ilippitpotaninjt. At the end of ClidJeaa iinie, owing 
to a relative snbsiilencc of the Jandj the sea invaded the Somme Val¬ 
ley up to llenchecourtj depositing calcareous sands with 
fl^mhi<xiis. etc.j overlying the gravel at a height of about G meters 
abo^'c present sea level* At tbe same tinic on the Iknks of the alley 
were furniing tho pebble beds and tinM>n (old loess) with 

Achculian ini pi Clients* 

A fresh lowering of base level enabled tho river to cut its bed 
deeper not only in the Chellean gravels of the low terrace but nl$o 
in the underlying chalk, Tho gravels deposited at this stage con¬ 
tain EkjfhoJit prlniii/i li hin&ctrro^ thh^Ainwt^ and Cervm lanm- 

witli Moilblerian implements. From this period date also the 
de£>osits of tufa and older peat of Longpre and ^lontl^fts, while on 
the slopes was fomiing the “ergerou (younger Icne^ss) with Monster- 
ian ntid Aurignacian industries. A dr}% cold |wriod followed this 
moist ]Mjriod—the epoch of the forjiuitiun of the Soliitrean and ilag- 
daleninn brick earth by altemtion of the Ergeron. This period waa 
followed by renewed subsidence. permiUing the filling up of the 
river valley b}’' loam^ tufa* and peat* This peat comujcnced with a 
formation of alder, hiizeU «iak^ a in] walnut, the remains of which are 
now below sea Icveh and extend to tJie oosist, where they occur on tho 
shore l>clow sea level, and evidently correspond to the ^mbruerged 
forests of tho opposite coast of Eugland^ 

'The average thickness of tho peat formation at Abbeville is nearly 
10 motera and ST. Boucher de Perthes found in it at a depth of 40 
eentimctei^ scveml large* Hat disiies of Roman pottery, which were 
at le:ist 14 centuries old. If this nite of 3 centimeters per century 
had not been exceeded—^anJ the earlier peat b natumlly more com- 
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pressed tlian the Intler—it git^es a period of nearly 30,000 years since 
tliE begimiing of acc^^tiniulatiuii of the peat. 

The corrolntion of the termess in the neighboring valleys of the 
Seine and the Sommo IS nbviooa, the extension of Uw Thames Valley 
fairly so t 
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The agreement of the levels is perfevt, and also stage Xo, % and 
the interval between 2 and 3 is chitrneteriKed Ihranglioiit by the 
occurrence of the warm Chdles faunfi and iinplen^ents of oUler palco- 
liUuc (Chelluan-Acheulian) 
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The locss^loain and underlying marine sands of Jlencliecourt arc 
found ngaiii on the coast in the raised Ijcach and overlying deposits. 
The clossie section is that of Sangi^tte n&ir Cakk describetl hy Prest- 
wich. The ruisetl l>eaeh lies abcMit 10 feet above the ievel of the pres¬ 
ent beach, and is directly overlain by typical “head” hi which are 
intercoklccl nccasiomd band^ of loess containing the land shells char- 
actcrisiie of that roctnatioii. Similar sections occur at several ix^inta 
nn the norihtrast const of J^mnce* and there is no doubt that they 
ngtre the liSnctly panilkl ecctions at Brighton, on the ctmt 
opposite, thus mnfinniug our inferenoes about that deposit and Oic 
flge of the “ head^’' 

France lluis forms n triangle in which the Quaternary deposits 
at each eomcr can be directly correlated with those of the tieighbor- 
ing parts of Europe, 















qUATEMXARY DEFOSm OF BitrnSU JSUESi—BROOKS. 861 


vniif f 
bM ' 

Oowt. 

ScrauaftASLl 

msm v»iteysL 

Udmlit. 

|jw*r KMeIA 

Platoau CcAtnJ^ 

»e«. 

Mp*, 



5^ U< 

Mht*i 0 f Voa- 
pM upjmt 

timM. 

1 f Jc44£ 4pIU til 

HldeJ»4»ui coo- 
fkiq PTAlA Df 
ParrlftT. 

tar- 

ACb 0 I 

roaiH. 

i 

OujULlui. 





olifivlTyA 4f 
rwEef. 

onttArKid' 

diL 

l!I:]Eaic>' bwhlAf 
cUf. 

Ralani hmch. nf 
CbMbutir haO 

Wail. 

jEniTib 
noil 4& w« Ur 

t*mL^ 

eiiAlkiw TAllijr 
jElficIar 9Jvl 
dlklf iBlTlftAi- 

duiadimaniliaH 
of Ant flaelo- 
tlE^D. CbUr 

fllaL"' 

mmflLir i»r- 
rjiot (Dor- 
df>fOiA|. te[}« 
jneiB- ttftDHi 

tOnTOOAfr). 

ntmWL 

IntvTgbirbillwdi 

IDMcic^ UmcM 
mk] (ivt 4?t 
3S>^L 

l!lt>n«(ar t«mK4 
B±Kj|lk|ftol)0- 
nutM ItfTi^, 


(Eitfil harluDO 

p«ib wiOi irtf^ 
popiJitmtLt Id 
[ ftvdoEi^ 

nisdui-niAi. 

■"WariK BDd 
liikl,'* 

IuImI ti4vta at 
ndebtoa. 

Hftrlm mnai 

tiOd 

kfkiu- 

Orvt IfHflII* 

middli 
rum of Vo- 

•mSU, j 

I MonlsA of Mo- 

AEi4£lii£«!iilJati 
foot IliH?1liEl| 
fibinnl. 

Kbldk (flnw»r 

fll|h> tirr40» 
(■UQumAttrii af 
l^wtkcAir 
fid-ED«hr tirnhM 

ud EnorolBW. 

itbd. 


Old pABL flf 

bjfOllOflr 




nidOrWaniL. 

f [i4i^ t«lWa. 

Iqud. 

Sesj^U Mdb^IIa 
flAcl*r aad 
lim l4nrv% 

Law tmisxv. 

Low |«tii«n of 
thiriini^ ttnd 
llaroiuw« with 
SnonioH. 

Wujm, 


I liave alrcudy worked out the eomitttion between the onst coj^st 
of Engl and and Thames Valloy on the one hand and Holland and 
north Getmany uu the other^ and also between the latter and the 
Alps. All iliese contlfttions, which are baaed on a variety of geo¬ 
logical evidence, nminly paleontological and stratigraphical in its 
nature, agree, giving very strong support to the clussifieatioa 
adopted, 

COXCLtSlON. 

The series of cross correlations described in the preceding pages 
;diow definitely that glacial and interglacial periods wei^ not the 
local phenomena that they am samctlmes considered to be, but were 
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vrcll-m&rked eTcnts which occufped simultaneously over at leust the 
iv'hole of northern Europe. The proof that the simuUanci^ ex- 
tencled also to the glacial ficriods of other contineiits ia naturally more 
difficulty since dirwt correkiion is mostly out of the question. A 
great deal of evidence on the subject, based chiefly on the amount 
of weathering undergone, hos been brought forwiml by F. Leverett 
(131). After personally cxaniining a great number of exposures iu 
America and ihe most typical ones iu Eumpe, he was convinced 
that the four groat periods into which the Americun ghimnl deposits 
fall show such remarktible resemblances with the [JoriiKls in Europe, 
ls)th in the amount of weathering undergone and in the Intervals 
between Hia glaciations, that the two series must be directly com¬ 
parable. Tliese stages arc: 
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^ A mlew af Ihm frTlilrawl Lbc lainm itKEV ol ElnclKtloii viifl mndc la 1014 asd 
11*15 tj W. C. Aliku anil iL Ld^laton for the UnltiHl Stati's uil lav^ Ucnta^cnl 

Ai vUkM in Ibclr mpoft, wbldi li piahlhdicd In tdIodud <ii (hr lawn 
lofflnil l^urv^y^ thi^ enDtl^ifa imneliukKti tliat thrrr U- wbal mmm lo thif 

irrlEcn to ha good of Ibt) J>lrV4iente of a liutst-KREiitan drift ihoct Id Dcirtlueart 

Iowa aDrd li|ot thlj dtift opp^n to he oldtff tbah Iba Wlaeoiuia acd yonngpr ihaa tbi 
IIUdqIjid drift « * ■ Thera b, thrrofara, wa.rTant for thr* ^otlun^ qao of towitii 
ilfhfl HEiil lovmn iLiBv of iflaclaltDD u major anbdblREoiu of the- P] edictclAfuldro- 
thiuJ* FoUOWlJIg li tlw «:lJia»lfl«alSoii Jn dh at prwat bj the i-bited Stataa GfbloeU’al 

pTjnamatyB Ei-«vi.if, 

0. wlHcoi^iin Rtaiv of EOa^lAUnn I of CluiMb«fliD>. 

b. Pc^iiian utafv of drEiar^CliOb (Qf 
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Tlic evidonceis entirely in fftvor of the exfietness of the time agree¬ 
ment except in the ease of the lllinoiant ^hich ^cnis older 

tban the Riss; here he considers that the differences in the amount 
of weathering are accounted for by the differences in the amount 
of miniall at pri^nt. 

InclepeDcleat eTidonco for this aimulianeity was given recently by 
A. I*. Coleman {133), who from the amount of erosion estimated tba 















DEPOSrrS OF Bni'tlSH ISL^—BBOOKS. 363 

duration of inter^ltickl periods in America, His estimates, compiii^ 
^ Avitli tbosei of Penck and Briickner for tlia Alps^ give : 
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T- C. Chamberlin also^ on tho lusds 0^ ago determinntion in 
Eiiropo and America, concludes that the glacial epoclis in the two 
i^iintinonts were simiiltnneon^ (133)» 

In yue case at hiist, moreover, wo seem to have direct evidence 
for cJie continuouj; extension of a climatic period over a large part of 
the XorLhern Hemisphere; I refer tn the postglacial climatic opti- 
tiimn, evidence of which has been fonnd in Iceland? Spitabergeiij 
Franz-Josef I^tniL the White Sea, Grwnland? and Xorth America. 

Ill Iceland, Q* Bartlarson (134) and IL Pjetur^n (135) have 
found rakecl bouchcH nnd inarine deposits in tho north and northeast., 
indicating a submergence of about IT meters and containing lloh 
luscii which now live only on the south and southwest coaf^^ and 
consetpiently indicating a dimitto warmer than the present. 

In Spitzbergen, Anderson (136) found u raised delta deposit with 
flowering plants not now living on the isltmthj and A. S. Jenson 
and P. Harder found raised beached indicating a submergence of 10 
to 25 mctcrts and contain lug Afollu^ca 

and Liton^it Ut&rca) now exiinct on the Khorta ^^f Spitz- 

bergcJi. 

In Franz-Josef Land, X^sinsen (13T) found Afi/tihix in an 

old shore line at 10 to 20 meters? evidently of the same age^ 

In the I^Tiite Sea, and Mtirtiian Sea, X. Knipowitsch (138) found 
raised beaches with species of Cardium now extinct there. 

In Greenland, A. S. Jensen (133) fonnd in Orpigsiiit Fjord a well- 
marked warm period with tlic laud about 10 meters below its present 
position relative to the sea^ and ntised lusudics conhibiing Mf/tilwf 
even north of G6|® N., and as far as Sophia Sound in nortiicii£iL 
Greenland, thongli its piiesenb northern limit in America is the 
XeAvfoiindlnnd Bank 

On the coast of Canada (Haritime Provinces) G, F* jratthew (146) 
found evidence of a period of immediately preceding the 

present epoch^ when the climate reseinbleil that of Middle X'ew Eng¬ 
land, 

In gravel terraces along the Niagara Riverj between the Wliirl- 
pfiol and Gnat Island, A. Vn Coleman (141) has found species of 
/7rii'o not now living in !he Canadian lake.-^j but in the tributaries of 
the Mississippi, The beds were formed during the last third of the 
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period of erosioa of tlie Kiogaia gorge, and are tltercfore approzi- 
mutely coDtemix>roReoU!; with the Litorina beds of tho Bsiltic, 

In the United States the pout bogs contain plants and unimuls 
occurring fossil 50 to 100 miles north of their present limits (14^). 
But here part at leust of tiie warm period fell in a x>Griod of subrrter- 
gt‘nref for at Btiston, W. Shinier (14S) found u Cue silt w'itli Moltusca, 
indicating a warmer climntc, 15 feet uboTO moon low tide. In South 
Carol inn also tl. T. Pugh (114) concLtuleil from ii clistnisuton of tho 
Pleistncone marine Jlollusca that there Lad been a period of sen 
tcm|M<i'iiliire slightly above tlic prosenh 

Isolutetl pieces of cridcnce of a warm period immediately pre¬ 
ceding tho present have been found in many other parts of the globe, 
e. g., cast Africn, cast Australia, Terra del Fuego, and antarctica, 
hut as these have not yet been oonnooted up with the Kuropean area 
I will not deserib© them further. Wo have at least evidence of tlio 
existence of a series of climatic waves of long pcrioil extending over 
a considerable patt of tho Northern Hemlsplicre. 

Before closing this study of the correlation of tho Quaternary 
deposits of northern Europe, there are two points to which I should 
like to refer; one is the corrclalion of Penck and Bruckner^ G^bnitz 
and Daun stadia in the light of G. de Geer’s “fiBochronolopcar’ work, 
and tho other is tlio bearing of tho locis on the corrolalinn. 

Tho estimate of postglacial time in the Alps made by Penck and 
Briickner chiefly on the basis of the amount of delta formation has 
already Ijeen referred to. Tliis lst 
Port Warm perioil, ;t0,0D0 renrsL 
Piist Bubl poriofl+ 

Tlie “grtHdironological" work of O. do Geer in Scandinavia ie 
well kiiowti; by coiiniing fhe number of annual layers in. lake sedi¬ 
ments and identifying certain annual layers from one deposit to 
another ho lias been able to calculate the date at which various h»cali- 
ties became free from ice, and finds that the receding ice erlge reached 
the south of Scania i2,tNJ0 years ago. The rcccssioti from the north 
coast of Germany to the eoutli of Scania can not lie cnlclilatef] in this 
way, but from a comparison of llie amount of melting he estimates 
about 5,000 years for this peHtjd, making a total of 1T,000 ycais 
since the (^inclusion of the Baltic oscillation. From these studies 
there is little doubt that the Baltic (Bcillation corresponds to the 
Buhl stadium. 

Further, de Geer gives the age of the great Fennascandian mo¬ 
raines near Stoddicilm as about 10,000 ycni-s. Penck and Briickner 
could not olitaln a date for the Gschnitii sUdium, but for the Inst of 
their stadia, the Daun, they calculate a date of about 7,000 years. 
Tho GsehniU stadluiit, being iiitenncdiato, must be something be¬ 
tween n,0W years and 12/K)0 years in age, so that it is rory probable 
that tlic Fenuoacandiati end moraines and the Gsehmte stadium nro 
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equivalents. The Dauu stiidium may find its equivalent in a later 
set ot end moraines. 

The third method of testing the correlation of tlie deposits Is by 
their relation to the. loess. Tliis deposit, bellevud to be aeolian^ is not 
all of the same age? in the same section two Itiess beds of diJferent 
ages may be separated by a weathered s^urface, but the “yotinger 
loess*' occupies a well-markeil horision. In north (Icrmaay it re?-£s 
upon tlie moraines of the tliird giatiation, hut not x\\Kin thoise of the 
Baltic readvatieet tliat it evidently falls in llic period of that re- 
advance or in the BLiItic iiiterstadiHl. It was disciisticd iimi placed 
here by F. WahiischniTe (145), who ronsidered the Baltio interstadial 
to corrcs|>ond to the Wimn-Biihl interstadial of the Alps, and ako 
K, Olbricht Outside the limits of the third glaciation of 

norLli Germany tlie position of the younger loes is less certain^ but 
it contains Soliiticiin implctncnts, which paints to a similiir and 
slightly earlier age. 

In (iie valley of the there appear to be two termces corre¬ 

sponding to tlie third ghmintion of Germany, separated by a peat 
bed corresponding to the Baltic interstsidial. This conclusioHj based 
on Etnvtigraphical evidence, is supported by the fact that loess 
occurs on the older but not on tha younger terrace. 

In tlie Alps tlie locsa is coiisidered by Penck and Bruckner (loc* 
ciL) to be tjqiicRlly an interglacial formation^ belonging la the close 
of interglacial conditions. Only in the Turin region are there ex¬ 
tensive deposits of postglacial loess, in which, however, the char- 
acteristio fauna is missing. In the north they nowhere found it to 
rest on the Wnrm moraines, but 'Hhc paleolithic Implements which 
it contains are so closely related to Lhose of the end Wurm, 
that it can not possibly bo much older than tho latter/^ J. Hxjg 
(1+7) further claims to have found loess on Wurm moraines near 
Zurirh, itud near Basle, A- Outiiwjller (US) correlateil the younger 
loess with the first retreat stadium, so that it seems probable that the 
younger loess falls in the interstadiurn Wurtii-Buhl and in the Buhl 
Rtndium. 

In tile Itbine Valley there ore yomiger and older loess deposits 
resting immediately on the gravels of the low and middle terraces, 
and iniiuediately following those terraces m time. This confirms 
the correlation of tho low terrace with the maximum of the third 
ghiciation of Germanv. In France also the loess liman or 
^^ergeron”) of the Paris Basin is of different ages, and the younger 
ri’ists on the low terrace system (latest gravels) and in part, replaces 
it, confirming the correlation of these gravels with the low terracs 
of tho Ehine, with the Wurm glaciation of the Alps and with the 
third glaciation of nortli Germany. 

1 have now siuntnarixcd the strati graphical evidence on which 
a correlation of the European deposits with each other and with 
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ihoso of the BritiRli Isles iiiiist Iw bnscfl. an<l the fiirtiier evidence 
of A itioro general chiirncter ^Thlch thrafrs! light upon the correla¬ 
tions. It remains now only to consider the nomenclature to be 
adopted. 

For the glacial periods the names of Penck and Brnckner (loc. 
cit.) seem best adapted, for although preceded in point of time by 
J. Geikifi’'s nomenclature, they are more definite nml more widely em¬ 
ployed. It is often dlfliriilt to sny tfj which linrii'on Geikic*s niimo 
would apply, as he includctl under the same term beds belonging to 
different stages. 

For tbo interglflcials the question is more dililciilt, as Pencil and 
Bruckner have given no definite names, and it seems convenient sucli 
should bo found ; I am therefore adopting fleikie’s interglacial names 
applied to the equivalents of the Rritish stages which he ineludcd 
under them, except to the well-marked Chellenn interglacial. For 
the postglacial stages, A, Blrtt’s sutetisaion (145), seems too detailed 
and in part problem atical, and the widely recognized and definito 
Baltic stages seem the best to adopt. The scheme for Europe ac¬ 
cordingly becomes; 
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NATURAL HISTORY OF PARADISE KEY AND THE NEAR¬ 
BY E\TIRGLADES OF FLORIDA. 


By W* E, Saitcikd. 

Rp&nomic U. 8. S^eparimcni of Aurif^lturc. 


I Willi rA p 1 eites 4 

ParailLBi? Key, a^ti i^&nd in tlie heurt of the Everglades of Fk^ridfi^ 
b almost unique from a biological point of vkw, prcisenting as it does 
H renriarkable estaniple of a subtropical junglo iivitliiii tlie iiiBits of 
the United States in which prUiieval conditions of aninnil and plant 
life have remained unehanged by man, and thm offering a striking 
contrast to the keys along the coast of Florida as well as to other 
Everglade keys in which normal biological condilione have been 
greatly disturbed by destructive firaSj clearing of forests, or the con- 
strueiion of lintinage camlfi, which not only affect the onginal 
physical conditiotts, but at the same time permit aquatic animiils and 
plants previously unknown to penetrate into the Everglades. I hs 
region is also remarkable for the fact that it is a meeting place for 
many temperate and tropical types of plants and animals. On this 
account and from the fact that it offm a virgin field for collectors 
in most branchis of natural historyt it seems of the highest interest 
and importance that a careful study of its biological features shoiihl 
be made. 

The writer was directed by the Secretary of Agriculture to make a 
survey of the regirmj which was begun in Septnnljer, IfllT, and 
resulted in collections in nearly all branches of natural historyj the 
materia] of which has been studied and elofp^jficd by specialists and 
deposited in the collections of the Smithsonian Institution, the 
United States Xationn] Museum, the Bureau of Entomology, and the 
Biologica] Survey/ 

It is Impossible within the limits of the present paper to give a 
detailed account of the various spedes of plants and animals cob 
lectedj or to treat fuUy of the dlmatief physicalt and ecological con- 

■ F<it hni|vttMllty «qd dOE-Mi# tin* inrwy wiilw irtii&wlrfjpw ladKtrinHft lo 
Ld pt FHAdlH Eft. piarti^tilflj'ljr ta WanScQ. Ur, A- 

a bprn wfiodiRBa usd ontarAlUt. 
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ditioRs of ruradbi? Kuy, but the writer hopes to ^^ortruy some of itte 
mmt interesting aitimuls iind plimts of the key itself sis wdl us of 
tlie surrounding Evergindes, and to catt attentioEX to their inter- 
rulatioiLship and mterdependence, in the parts which they play as 
hosts or gtiests, parasites or victims, fcMKl or feeders. Among the 
groups coniiiilered will bo pis tits of the mai-shea and sloughs^ the forest 
tiws and their epiphytal ooTtring of orchider resurrection ferns, and 
bromeliadB; dimbing lianas, which here midi ginnt proportions; the 
native palms pf sDuthem Florida^ and tiie phmts peculiar to the pine- 
land region^ especially the s^w palmetto ami the intei'^csling cycatl, 
Zanim 

Anmng tlie animals to bo dcKrilwd are some of the most interest¬ 
ing inollusks, spidorSt inseotSj Iklics^ bactrachlajiS} reptiles, birds' and 
mammals; and finally nn account will be given of the little-known 
aboriginal Indians who inhabited southern Florida at tiie time of 
its discovery by Ponce de Leon, as well as of their aiiccossorSj the 
Seminoles, w^ho still live in the Evergladeii, 

ItOYAL PAUt STATE l^AlEK. 


Tlie region under consideration lies in Dade County, Florida, ulxiut 
&D miles south of I^be OkcechoheG and 37 miles directly southwest of 
Miand, in latitude ^5^ 24^ north and longitude 80"^ 38' west of Green¬ 
wich. In 1P15 ihe State of Florida set aside Paradise Kev, together 
with an arwi of adjacent swamp land, as a public park. ThL*$, to¬ 
gether with an additJonal tract afterwards donated for the purpose, 
lias received the name Royal Palm State Park. The park, which has 
sn area of 3 square mil^ includes, bteidcs tlie key itself and adjacent 
msirshlaiitl, a comer of pinchvnd, called Palma-vista, the vegetation of 
w hich i$ aiinllar to that of other pinelands of southern Florida.'' 

Paradise Key owes its preserv atiuii from fires and other destructive 
agencies chiefly to its isolation and to a deep slough near its caatwanl 
border which never becoanes dry, even during j>eriods of the greatest 
ilreughf. Its conversion into a state park insures its conservation as 
a plant reserve and bird is^nctuary and as a permanent Add for bio¬ 
logical re^arch. Similar measures, have been taken in other parts 
of the United States and it is hoped that the example will be w idelv 
follow'e^i 

Or. IL C. Olierholi^r, of the United States Biological Survey, in 
roriimcnding the creation of this park points out that the refuge wliich 
it offers to birds one which is very greatly needed in southern 
Flori<lfl. and ihnt its lot'iition i» admirable for the purpose of preserv¬ 
ing the wild life of the region. 


1 F^f uti uC thu of tojfcl auu rttil#r li 

JfyBIlllltfV tn Tflinifl n# ^ . 


tht^ rtf xv. a. Jranlntf. tn ^Tvpke U<leiieId» of loirt 
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The flecrciise of tnttiiy species of birds,” he says, ‘‘bus been so 
marked in recent yenrs that it is of gi^ot importance to have fur them 
placvs wUaitJ they'con breed in undisturbed Becltisioa. If there do not 
si ready exist colonies of herons on this reservation, it would be very 
desirabie to induce these birds, if posaible, to take up their residence 
in the swamps, which I Tiiiderstand are a part of the park, so they 
cou!d bo protected, its tiiey niust be, if tho various species of heron 
aro to be preservofi from extinction, For many birds, also, the Eeyai 
Palm State Park should prove to be a desirable haven and refuge, and 
it will undoiiittedly betp to preserve from cxtinctiim many of tho 
interesting species that inltabit southern Florida.” 

CLIMATJi J-XD LiUN’FALT,, 

Southern. Florida, though usually biased with an almost tropical 
climate, is sometimes subject in the winter months bo severe storms 
from the north, in which tho therraometer falls i^elow the freezing 
point- But this is also true of fiome parts of the island of Cuba, 
which has repeatedly suffered frosts that have dona great dumflge to 
the more tender vegetation. Along* the coast, where tiie influence of 
the warm Gulf Stream is felt, much less damage has been done than 
farther itilaml That these occasional cold spells have not seriously 
injured the vegetation of Paradise Key U shown by the presence in 
its flora of noble royal palms more than 1(M1 feet high, tropica! 
orchids, and other tender plants, and insects belonging to tyijcs es¬ 
sentially tropical. On the other hand many tenipcnite apecics, both 
of plants and antmaIs,extend their range soiiiliwarJ to this region; 
although, as far at least as thu animab are concomed, the tcmticrate 
species are here repri-scnted by varieties or subspecies which take the 
place of the northern types. 

Generally speaking, there is n rainy season during the summer and 
autumn and n dry season during the winter months, hut the limits 
of these seasons are not constant or well defined. During the rainj' 
season the Everglades arc flooded with water, while in tlie dry win¬ 
ter montlis they are diy enongii to iic cruased on foot. The accom¬ 
panying illustrations (pL 1) show Paradise Key in the distance with 
the Everglades, both dry find tinodefi. in the foregreiind- 

rnYSlCjVL CSKOGIiAPEn: of XUE KVKlUiL^VDES. 

The Everglades owe their characteristic features of marsh, sloughs, 
and shallow ponds, to their recent origin and their slight elevation 
above the sea level- Their genend surfave is not liigh enouglt to per¬ 
mit the formution of deep valleys by enxiing streams; and the water 
appears to ooze slowly jw'awarti, on the W'est side toward Liie south¬ 
west and on the cost side toward the southeast,' 

’ gfi- Snnfarii, Sntnlirl. Thf toivosts plij naj Cfolnu wiUhfru FloTldn, to Stk-ciBd 
AnEiEuJ llnpoft of tb* FluriOa SUU’ Ceot, Humr. ► 1*9- 
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The rock TCtiich undorlics the Everglades and appears oa tlie sur¬ 
face on the keys and pineLande of southern Florida is known to 
geol^ists as Miann cxilite. Its outcrop at Long Key, the great r<K.'k 
harrier adjacent to the northern boundary of Boyal Palni State 
Park, as well as at otlicr points, was noticed by Anny olficers at the 
Lin)o of the Seminole War. Specimens from tlie vicinity of Paradise 
Key in the collection of the United States Xational Museum contain 
fossil bivalve shells; otUere (pi. ‘2) contain vermiceJlilike oasts of 
annelids, and others hollow tubes, apparently formed by crustaceans 
in soft mud, HOW lined with crystalline calcite* This oolitic lime¬ 
stone, as Dr. T, Waylnnd Vauglmn has pointed out, is not of aJiuna] 
origin, but a chemical precipitation of calcium carbonate in the form 
of minute granules; it plays a much greater part in the construction 
of Florida reefs than corals.* It was originally deposited in a shal¬ 
low sea, just as similar sediment lb notv being precijiitated in the 
Bahama Islands. Dr. Karl F. Kellej-man, of tlie Bureau of Plant In¬ 
dustry, made a careful bacteriological study of samples of water and 
calcareous mud from the ocean bottom near the Bahamas and the 
Flnriiia keys. Ho found the water laden with calcium bicarbonate 
and filled with certain Laeterln which liberated ammonia. The action 
of the ammonia on the calcium bicarbonate caused a precipitation 
of calcium carbonate, which sssumed the form of oolite. Tho bac¬ 
terial origin of calcium carbonate had previously been suggested bv 
the lain George H. Drew of tlie Carnegie Institution, who succeeded 
in Isolating an organism which he named caltfla. Doctor 

Kellernian repeated his cJcjieruneDts and oonfinned his observations 
referring the above^itientloned orgauiam to the genua Pseudomonas! 
under the Home Pteud^funua aileiji.* 


W.VTER I'lJlX’TS. 

The deep slough t* the eastward of Paiadise Key (pL 3), which 
has already l»«fn mentioned as its chief protection from dcstnictiva 
^encies, is filled with a dense growth of water plants: yellow water 
lilies, or spatter-docks (pi, 4); Sagittarias, with broad, three- petaled 
white flowers (fig. 1): pickerel weed, with spikes of bine flowers 
(fig. 2); water aninw (fig. 3) related to our jack-in-the-pulpit and 
with roots equally filled with needle-like raphides which burn tlie 
month like fire; whUc-flowered floating hearts (fig. 4) resembling 
miniature pond lilies, but not botanically related to them; and tall 
water woods {OsBypoUir filifonm's) belonging to the same kmilv as 
the celery, but with hollow'’, quill-liko tubes for leaves. 


^ 3h TAtuiuiB, T. Sketch tsf Ihw ittvturj *1 th# Flnida cartel 

tpmet iBd (flinpttrbcB witil dtlktr furml itH-f Kteu. |« jQoni. WjuIl AcaA ^ j 
iffcl4+ msd fcpEinjititiiii votm.1 Itj ifcw* BuLbar Ja tin* 

>3« Krl3<^™ih. K*f» Mid SBiIliL K, It. SaeUrkkI CEldtun «r. 
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At first glance tlicse water plants appear to be of no economic 
significance; but it is tboy which moke animal Fifa possible in tbo 



Fifk, 1,—Sat^tttirts a, 
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rtr wMifcN 
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jutbve^. 




Evergliidcjs. Aquatic insect larvfla and "water snails and bivalves 
whlcli feed on their ro<its and submerge stems, yield focxl to small 
fishes } fishes, cnistaceajis^ frogs and surface is- 
sects are the food of larger fislics, snakes, oJU- 
gator^, and binia. One of tho most common 
cjcctirrenccs is to see a magnificent osprey siToop 
down upon what appear^ a prairie and 


FlQ. 4 —FuUTI^Q 11MAE1^J 
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FtQ. 3. — WATti ahtu^ ^ good-sized fish in its talons. 

i^tfamdra titeimim, Jt* In uddition to the plant? iust mentioned are 

j^03t|J> lETAKClif ftUOTi t ^ * 

CAUKD TDCKAnoE, numerous sedges (pL 5) and grasses (ph G). No 
w 4 ^!^SSS'^t Everglades will forget the terri- 

Tin iuMjixi or vim- ble “ saw*grafis(pi, 7), which is really not a 
aisti, Uccn KimrciD, gj,^ j„jj ^ sedge, the leaves of which as Seen 

under the lens (pL fi) are armed with very sharp, fisc cutting tcetli. 
Among the marsh ferns are ea/cffim/itf with coarse, 
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kutherlikc fronils^ and Bieehnum with much thinner 

f rondg which Jioon wilt when gEthumL There h a bcnutifiil Criittim, 
w ith white iipiderlika nower^T tliick. fleadiy seeds wliich have a 
peculiar method of germmutinp (hg. 5); stately cat-tails, bladder- 
wort with fine, dussecttHl iiquatie ieavt^L, and many other chamulcristk 
water plants, si^eciiucns of which have been ikiroisilcd in the UnitLil 
States Ntithmal Jlcrbariuni. It is interesting to nok the absence of 
the water hyacinth and water lettuce wliich mipede navigation in tha 
streams and lakcij of uorthern Florida. 

HAU^u siiuuns. 

Paradise Key is bordered b}' o growth of marsh-loving shrubs; 
among them, the umphibiaii willow-; ulligator apple (pL t>) i the wax 

m 3 rtk, w^hkh yields vtux from which 
candles may be maik; the fragrant 
swamp hay, with an arouiatic fra¬ 
grance like tliiit of hay mm; a nmg- 
noliu witli white ilowers and silver- 
lined leaves; cocoa plums with edihk 
fruit and a Eaccham {pi. 10 ), which 
l ieai's the pistillate flowei'i on‘ ono 
hush and the ^taminato fiowers on 
another^ Not far from the park are 
small islets envereJ wilh thickets of 
mangroves witli biuiiching, stUilike 
rcHT^ts; and button mangroves (ph 11) 
with nectar gliimk at the base of 
the leaf blades; and in stneral places 
ftco ^miftll groves of cypress (pL 12 ), 
siinilur to those of the Dismal Sw'amp, hut not nearly so estensive* 
TOllEST THliES AMI SHHUHS. 

It Will not bo possible within the limits of thi^ paper to enmnerate 
ihe forest trees, most of w hich ar« essentially tropiciiL The largest, 
however. Is the magnificent live oak {gufivug mr^inmnu) of our 
Southern Sintra (pi. 13). which sometimes spreads its moss^overed 
branches over an area '200 feet in diameter. Thci gLiml>otimiiu 
{Elufjknutn ti^juiruha) gets its odd name from the Jamaica negroes, 
a eorrnptiun of ffmna the Spanish name of an aromatic 

balsam which exudes from its bark wdieii wounded, In the .Vntilles it 
is sometimes ealJed West Indian birch, on account of its papm’ red 
bark which peck oiT like thut of certaia hitt:b«fi; and iu ?®me "paiL^ 
of SpJinb^ii America iU cotimiou name h ptdi> imdato^ frym. the color 
of its trunk- It Imirs transplanting remarkably’ well; wmetimes 
large trees nm taken up frtuii hiimimick.s and phintefl in pnvato 
grounds, where they at once cstatilisli tlwmselves. The fruit (%. G) in 
much relished by crows and other birds. 
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It gmnt sumacli ^itli a ssmootb 
spotted tnirikf the sap of which Jici^ vei^" much 
like die poisiiti ivy of our woods, oauaing erup¬ 
tions on the skiu. Thht tree h tropiral in its 
distributian. On the south shore of die klatid 
of Cuba a surveying putty of oftieei's and men 
of die U. S. S. Padumh em ployed, in May* 


Other striking trees ai^e the saiinleaf {pL 14) which takes its mme 
from the golden hrovroj ^atinliko lining of its leaves; the. laurel- 
cherrj* of die West IndicSj the leaves of which when crushed have the 
characteristic biltcr-almond oilor of prufisric acid; a beautiful mimosa- 
like Ly^iUima, usually calkd wild minarind^ with 


I the mas- 
bniu-£dMe {in- 
■•) widi racemes 
die pigeoiY plum 


fern]ike foliage and suKK^tli 
tic tree., or wild olive 
correctly translated “ 
of fruit shown in figure 
( C^oeeoiobi^ laurifoils ). 

Of special interest ia tlic f^lrangling fig* Ficu» 
artnM^ Yvhich begiuia life somewhat like a lubtletoc, 
sprouting from a liny sceil ilroppod on ihc limb of 
a tree- It s«Kjn down threads whidi take 

root when they reacli the ground, and winch 
grow together w'hercver they touch one another, 
foruiing a mesh work about the trunk of the host 
Yvhich is slowly £tninglc<i to death (ph 15). This 
may well be dcsigtuued tlie !f>nake tree.^ or con¬ 
strictor, of the vegetable worhh Similar trees of 
the genus Ficus are found in many iropical conn- 
^ triea- Botiinieally they jins 

related to the umny-trunked 
L^ui^'an of the SiLst Indies^ 
us well as to the familiar 
rubber plant of our con- 
serv'otoriei^* 

iVnotlier forest monster is 
tlie poison tree, 
imferum^ a 
spotted trunk* 
like die 


Fia, T.—ik » T t C 

TUX, 

Jj,chs. iNrwjuH- 
CV.'CCB, 

<HIWV. | 14 U 3 fAT. 

AtU. 


rm SL — 


/miilUiCH 


nng erup- 
rop leal in ita 
of die klatid 
and men 
employed, in May, 


distribution, 
of Cuba a survey 
of the U. S. 

ji«j in clearing u base line near Cab[dlona 

Channel, were badly poisoned by this tree, the 
effectfi of which they dest^ribed as worse than those of f^Auj? toxico- 
NoEYvitbstandlug this ihe berries ure eaten with relish 
uy many species of birds at a time when other fruits arc scanre- 


■ Stadtnu p.f pbjtoElKiffrapby arr ftfcrruil tP ihr Pf I>r, W, UunllUerfcr, 

rpl^p»ltj Of PcPuR-jl-rmib, 013 ^^ThK' TTCct.-iUon at Soulk pubUibiMl La 

Ihff XTAPBik'rUQDA uf lbr< W'ujTEUFr Ft^'r- tiLililcili^ ill Hrlt'U^ cif PtiLladclpbl*, vaL 7. part 
Octfitwri ltil4. la tbl> mrprk pEinIx of KaU»ra Plaiida witl tH* refund grouped 9K~ 
^rdJUiT to ptdnt fc^rm^tlooi or uwodnUoiM, 
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It 18 ititeresting to note that n closely alUcti tree, Rhits vernidferOj 
yields the celehnited Japanese lacqtier, s kind of varnish prepared 
from the very poisonous milk juice, or latex, which exudes from 
incisions made for the piirpoae- Violent poisoning from this lates 
is common among the workmen enpuged in manu fiicttiring the lac¬ 
quer, which is one of the most indestructible varnishes known in the 
arts. Stories are told of jewelers or cabinetmakers who, engaged in 
repairing very eld pieces of lacquer ware, have been severely poisoned 
by the dust. 

Among the smaller trees and forest shrubs of Paradise Key are 
sevend belonging to the Myrtle family, including the white stopper, 
naked stopper, spicewood, and the myrtle-of-the-river, the latter 
(f'alyptranthen svsijifhim) with opposite glossy leaves and clusters 
of fruit resembling bluebemes. In additmn to these are the paradise 
tree, or bitterwood; soapberry tree; Rfwjtodendrt/n. feri^itni, or 
Indian ironwood; mnrlherry; and a holly catiitte) with red 

berries but with leaves devoid of prickles, sometimes confused with 
the more northern species from which tho Indians of Florida made 
their ** black drink,” but quite distinct from it. Specimens of all 
these together with other interesting shniba and small tires from 
this locality have been deposited in the United States Xationnl ITer- 
bariumJ 

CLIUniNl] I’UVNTS, 


Many of the elimbiiig plants are interesting frnm their uiqrmer of 
clinging to the trees which support them, flipporrateii rofuAi/fs 
which, on accoimt of its conspicuous swollen nodes, mnv' be called 
the “jointed liana.” takes root wherever it touches the ground, form¬ 
ing loops which trip up tho unwary traveler, or perhaps catch him 
nnder the chin as he paasea through the jungle. Its opposite, aim- 
like bmnchlete, which terminate In tendrils, clasp the tree trunks as 
the plant makes its way upward to the light, men it has catab- 
lished itself and spread over the braucheii, the anus, no longer of 
use, break off at the shoulders and leave the vine Hanging like a 
great rope usually at Some distance from the trunk, caiiring the 
observer to wonder by what means it had reached its point of sun 
port {see frontSspiecc). Tliki plant covers the cmwn of ii tree av 
thickly that its host is sometimes crushed under Us weight, Accord¬ 
ing to the park warden, more trees are overwhelmed and braught to 
eorih by this Incubus than by storms or dcstnictive paraailcs. 

Among the other climbers are several wild grapes and plants 
closely related to them, one of the most interesting gf which, Ci^Kut 


iForlmlaalcal decrriptlunt of ttiMr plnsti lie ttadcr U nC ro-d to Dr, J E. 
Flora of yiiml, Iq wiiic:^ ao*{ of win bt' /uund. 
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jallt'd the water liana or hunters' vin( 
ion is (.‘ut from thr stem of this plant 
bo obtained from iLs sap by apply 
sllj^htly tipping up the other. Its si 
nawed through by some animal; but, 
itinues to lire and soon sends down i 


wieyovtfg^ is sometimes called 
TVest Indies. If a scefi 
refreshing drink may 
mouth at one end and slightly tippir 
stems are often found gnawed through 
of dying, tho plant continues to lire 


inf! in the 
cool, 
applying the 
Its succulent 
mt, instead 
sends down corcUike 


roots which penetrate the earth Hke those of certain epiphytes. 
Among those which hold on by recurved pricklra are Erythrina 
arlorfft, GuUandma crisla^ and Pmnia acul&Ua^ all of them plants 
which usually occur elBewhera as scrambling shrubs, but which here 
become climbers, Tlic first of these (pi. 10), which belongs to the 
Bonn family, has bright red, slender flowenj and pods constricted 
between t!ic bright searlct seeds; the second, belonging 
family, is the plant which boars the well-known poliBheJ 
seeds called nicker nuts; tho 

third, belonging to tho Four- .« ikA 

o^;lock family, has peculiar, 

slender fruits {Gg, 0) bearing .dfe 

five longitud inal rows of ^ 
prickly ginnds by means of 
which they adhere to the plum- 
age of birds and the fur of il 

mammals. This plant often ^ L it 

farms dense thickets, m trying 
to penetmte which nay creatttre ji 

will be liiccnited by the stout, 
sharps recurvetl thorns which 
arni Its bmnehegt and which 

^ , fircEziF 

give Jt its cominnn mimes 

^ cfockspur,’' pull-and-hold-back,^ and ^ wait-a-bit vine,” On Para- 
dise Key Pttonia acuteata some limes reaches gigantic dimensions, 
climbing to tlic tops of the highest trees. Plate it is reproduced from 
a photograph, made for the author in September, IPIT, of a specimen 
discovered by ilr. hlosier, with a stem 40.4 inches in circumference 
at a distance of 7 feet from the base, 

The tropical zarzapnrillas {“climbing brambles”) are reprewnted 
by several subtropical species, the most remarkable of o'hich is 
Saulax the “swamp bamboo brier,” a lofty climber sehich 

grows in marshy places, A photograph of its thick, bamboolike 
root stocls is s?hown on plate 18. A closely allied species, Snulax 
aunnd-ata^ growing outside the park in drier situations, was the 
principal source of a delicious jelly, callod “ red coontie,” formerly 
prepared by the Indians of the southeastern United Status from the 
fecula contnined in its root stalks and tubers. 
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ORCHIDS. 

Most of tho orchids of Pamdiso Key nrc modest and inTOn-spicnoiia 
vhan compared irith their gorgeous rolotlves in our wmaen’ntories; 
but iiOme of them are priced for their odd forms or their 
grance, and all of tlieiii arc aitmetive both to bolonisfs and to lay- 
mon. Some of the moct mteresting arc shown on plate 19. SfOtlUgcf 
titjuInK (fig. l))t a creeping epiphyte widely spread in the West 
Indies, with pale, ycllowisii-greeii flowers, blfioms continuously 
throughout tlio greater part of tlie year. The spider orchid, AitHsrt 
noc/tfma (fig. S), also Wp;.! Indinn in its distribution, takes its spe¬ 
cific name from the exqiiisito fragrance wiiirh it^ large, white, nar¬ 
row-petnied flowers exhale toward nightfall. Tins shell orrhid, 
AnackcUitm, eockleatmn, (fig. 3), was first designated by old Hans 
Slonne in 1707, as a **mistletoe with a Imllwnis root and a showy, 
larkspiirlilie Dower.” The chintx-tlowcrwl orchid, Oneitihim. u-jidit- 
Jatvm (fig. 4), has odd-looking, mottled flowers, also described by 
Sloime, who likened tliciu to patdics of Dutch chints. J/aerB- 
denis fufeACciu (fig. 5) is a mode^, little plant with drooping {lowers 
dotted with purplish brown. Tlie marsh orchid, Oitcidhtm. jpWe- 
Ifthtm (fig. 6), usiially found growing on the edges of swamps, has 
conspicuous, yellow flowers spotted with wine color. 

(ITIIER KrirHTTES, 

Tn addition to tlio epiphytal orchids other plants ai'e found grow¬ 
ing on the limbs and trunks of forest trees, among them the resur¬ 
rection fern, which curls up during periofls of drought and tincurlg 
its fronds when moisture returns; a fleshy laived Peperomia which 
creeps along the tree trunks; the well-bnowiL Dendropogon, or 
Spanish moss, wMch hangs in festoons from the branches (pi. 20); 
and its relatires of the pineapple famUy, the ft iff-leaved bromeliadH 
(ph 'll). It is interesting to note in connection with the latter 
that the hoses of the Jiiavcs of many btvmeliadB collect water in which 
insects lay their eggn and undergo their transfonnations. In some 
parts of tropinil Amerira. in regions remote from water, certain 
dr^ou flies and even fiiogs Imbitunlly lay their eggs in such nsser- 
roiis, which linre been rollectlrely railed an epiphytal swamp re¬ 
gion, which has the important advantage over a true swamp that 
it never dries up. 

In addition to the iimrsh ferns and the epiphytal resurrection fem 
already mentioned there are several other Interiming species, indud- 
ing a delicate, little, filmy fern (%. lO) growing among luuis on 
the trunks and limbs of trew; the epiphytal grass fcm. Vit/iana 
and golden Phlebodiutn, with large fronds lobed like an 
oak leaf and dotted beneatli with conspicuous sori (pi. gaj. often 
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found prniwififif froni Llie nifl leaf uxils on tht* tnmks of cabhn^ pail- 
mettijsi Ike striiJJ fern, t'a>}ipyl<m(ivrQn phyUitidi^, willi undivided, 
strap - eJmped fronds} the well-known 
“Bob ton fcm” of our conscrvatoricii 
{SiiphroUpli txiitie.ia)^ and Lko closely 
allied sword fern (-iV, htserraia). Oilier 
species included in the flora are tho brake, 

Ptcnditim cftvdtdum; the beautiful rnyul 
fern (l>k 23)} Antmia ii/dm^tifoUa {}d. 
id the wood htn?., Dryoptiri0 paU^m 
atigesevtig.'^ 

ft/^JlLDA PAUfa. 

Among the native palms of jienlnsular 
Florida iirc the royal palm (pi, DS) which 
has given its name to Royal Palm Slate 
Park; the saw palmetto so cUaiacteristie 
of the pinelands; the sfiw cabbage patnif Paunttla sfrighiH^ of coast 
hammocks (pis. 20 and 27) whidi has soiuEtimes been tonfiiscvl with 

the pri'ceding; the cabbage palmetto, 
or cabbage palm (pi, 23) S the small- 
Hcedcvl, dwarf, bluc-stcm pLilmctto, 
Sahtd gltihra^ of northern Florida; 
the large-seeded, dwarf palmetto, 
(t^on Id, of southern Florida; the 
silver palm of the pine woods near 
Miami and TIomcstBad, Cocc^tKA- 
ijfla? the Florkla thatch 

pulni, Thrinaif J^orlV/^mo,■ and the 
brittle thatch, Thnnair mierocarpa^ 
which occurs at the lower nstraiiiity 
of the peninsula. The majority of 
these species arc found also on the 
Bahamas and other islands of the 
ndies} the large-fruited Sah((t 
e«ww, however, is endemic. Tlifl 
coconut palm is not a native of 
Florida, but may be regarded a.s a 
naturaliaed citlKcn of tlie State. In 
accompanying illustnition (pi- 
BXH shown the seeds of most of 
these palms which differ so strik¬ 
ingly that they will serve to identify 
the Torioiis species. In addition to 
the seeds tUemfflves the plate in¬ 
cludes the dropping of a bird in 


Fia. 
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'wbidi n number of Thrina.t seeds occur, .Svcfls of tlie royal palm 
may have found tlieir wuy to the park in the saraa way, dropped by 
migrating birds from Cuba. In soutbem Florida trees of this 
species as well as tbosB of the cabbage palm and the introflureil 
coconut are souietimes used with great effect to fonn avenues. It is 
interesting to note that the loaves of the cabbage palm, though usually 
called fan-shaped, really have a short, decurved midrib (fig. 11). 
This feature, together with certain peculiarities of tha infiorcscence, 
leads ilr. O, F. Cook of the llureaii of Plant Industry to separate 
several species usually included under Sabal into a distinct genus 
which he has named Inodes, 

I’lNRl.AXn FIjtJitA. 

The only pine growing in tho vicinity of Famdise Key is Pinut 
carib<t£a (pi. This is one of tho species wluch gives its name to 
the Isle of Pines on the south coast of Cuba, It covers vast areas of 
southern Florida (pL 30), accompanied by an undergrowth jiccub 
iarly its own. Xext to the saw palmetto the most remarkable plant 
of the pinelands is a cycad, Zamia fieriduTtaj from which the Semi- 
noles make n starch, commonly called oooutie, or Florida arrowroot. 

The ancestors of this plant and its congeners can be traced back to 
the giant cycads of the Carboniferoua age. Among its relatives arc 
the ‘'sago palms,’’ Tycoj circinafis and C^cas reuofuto, so well known 
to horticulturists.* Closely allied species of tiie same genua occur in 
the West Indies, and of related genera in Mexico, Central America, 
and Africa, All of llisun are remarkable for their peculiar method of 
cross-frrtilization; and nearly all of them arts valuable as sources of 
food. 

Zamia And its allies occupy a place intermediate between fiower- 
ing plants and ferns. Like the former, they bear fniit with a truo 
endocarp or seed? hut, [ike the latter, their sexual propagation is ac¬ 
complished by means of spermatozolds provided with movable dlia, 
resembling tlioso of animals. The male and female plants are easily 
distinguished. The inflorescence of the male plant (pL 31) is in the 
form of an erect cone, shaped somew'hat like an ear of maize and 
composed of scales which bear on their under surface numerous 
pollen sacs. That of the female plant (pi 33), mnch thicker and 
rvlati%*cly shorter, is composed of broad scales, each bearing a pair 
of ovules quite devoid of any protective covering. The pollen, 
home by the wind, settles on the o\*ulcs, and sends down a tube into 
the tissue of the nucellus. Archegonia are formed; egg cells de- 
velop, and in the pollen tube are produced spermatozciida which 
fecundate the egg. Tlie fertilization of Zamia fortdtma was studied 

i S« Bflllrj-'i Stftn4«Tl CjclOfwtiii of Hortlcvlt^n,^ 2; P 31 ^ 083. -- 
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by Dr, H, J. Webber. It was he whe first described end fif^ircd 
these remarkable speniiatozoids, which exceed in size those of all 
othci:' living organisms-^ 

The ovules of Zamvi ^oridana derelop into beaillifu! orange-niil 
flftttUy fruits arranged about a central axis, like large grains of coni 
around n cob. These aro at first covered iiy the peltate, triangtilui 
scales which bore them, but they fall off when fully ripe imd fortii 
conspicuous bright-colored heaps in the pine lands where they grow, 
A. second species of Znmia occurs iti the shady woods of Paradise 
Key, but only male plants have thus far been found there. It has 
been referred by Small to ZamSa a species in moirt 

woods of middle Florida, particulirly near the east coast. This 
species may be distinguished from Z. by its leaHets. which 

are somewhat broader, and have 20-28 t^^rallel vcin^ almut twice as 
many ns those of the hitter. Both its leaves and its cones Iwir a 
clo$$6 resemblance to those of the IVest Indian ZtiTHiit w itli 

w'hich it may possibly prove to be identical; while Zamia fi?r!datui 
more clotiely resembles Zamia of the Bahamas. 

Among other diaraclerislic plants of the pinelands are the eilver 
palm, the large-seeded Sabal ctwia, sometimes called the goose¬ 
neck palmetto, and the tall cabbage palm, already mentioned: among 
the orchids, the tall, purple-flowered Bletia purpnrm and the g^ 

pink, Litiiodpt^Tfi. the piueland blueberry, 1 acciMuni 

the dwarf, white-flowered papaw, A^iminp reticulata, tlie 
thorn twjg, BimtUa rtelhuiia (pi. 35) and the prickly, holly-leaved 
lihacoma iHrlfeitia. Among the climhing pi ante, or twiners, are the 
beautiful, reil-flowered morning-glory, E^t/tgomum microdactyhim, 
with flower buds rraeitib ling fuchsias; the conspicuous AcA/tescrAites, 
belonging to the Ajjocynaccie, with snlvcr-shapcd flowers resembling 
enormous white jasmines, and a pair of long, slender seecl poda in¬ 
closing silky se^s; two species of smilas, S. Aomt’Woa', and S* 
ho,v(i7i€nsit f and occasional moonflowers, Calonyctit^ acwfeofitwt', 
climbing to the tops of trees. Among the ferns are the bracken, 
Ptiruliit fnpfiuilptuiiv; PUrbt ItmglfoUaf .'Im mfo andiantifolip, shown 
on plate 24; and in the old leaf axils of the cabbage palni PhlebodiuTt^ 
auretim, on plate 23. In addition to tlieae may be mentioned two 
plants which are confined to the southern Florida pinelandB and do 
not occur elsewhere—"fArtirmfleyec p/nc/orwiTii a low, spreading, hairy, 
small'leaved plant belonging to the Euphorbiacew: and the dwarf 
Florida privet, pinetenijn, belonging to the olive family, 

shown on plate 34. 

* Wrtbrt, Herbert J. SUffnmtojpjftiiJji Mil trCIweBUtni of ZunLiW U. B. DOpt, Afff,. 
noma ol riuDt ImUiitr;. BdIL No. S, IDOr. 
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Tt is impossible within the scope of this puper to giro n fictailerl 
account of the nnimals of RojeiI Palm State Park. The insect 
fiiunu 11 1 one rnost certainly include thousands of species, only a few 
of which can here be mentioned. 

Tlie tree snuLts (see pi. So) which form such an atti’active feature 
of the forest, thotigh varying greatly in color, nro referred by xooto' 
gishi to a single species, Ltguui /oacm/ua. TIicbg 1,K?autiful creatures, 
which ^ipeiid their lives on the trunks of trees browsing upon micro- 
scopic ci'ypto|Rinioiis plants, are nir-brentiling inollupkn like their 
relatives tlie commgti sttails, having their eyes on the ends of long 
tentaclcB (fig. 12) which they can fold in like the tip of a glove 
finger. .Specimens sent by Mr. Jfoaier from Partidiee Key are 

V now domesticated in one of the greenhouses of 
the United States Department of Agriculture, 
having borne the trip fn>m their native forest 
wittiout apparent Inconveiiicace, in allied 
genera these animals have both sexes united in a 
single individual; so tliat each may breome both 
a father and a mother. In mating they do not 
appear to discriminate iis to color, for a piiro 
white-shelled form may be seen paired with one 
which is yellow-banded or mottled like tortoise 
siiell. They sometimes fall victims to another 
air-breathing niolluek, the cannibal snail, Olun- 
dina tpincata (pi. 2C, fig. 2), the young of which 
sonictimi^ devour one another. 

Other snails of this family are the mintite 
Pchjgyra se]>iemvolva (pL 3(1, fig. 3) and P. 
atuifF'/ero (pi. ^C, fig. i) with flattened kholh 
oompo.sed of many whorh coiled like a watcli spring. Another lit¬ 
tle shell, HelirhiH orhU^i<tttt (pi. 3H, fig. b), is distinguished by hav¬ 
ing a little door, or “operculum,’' with which it close# the orifice of 
its shell. Among the pond snails are Plmiorbk duryi (pi. 3, fig, 6) 
and Phi/fa gyfina ([>1- 36, fig. T), the latter with a thin polished, 
left-handed shell. 

The groat miirsh snail, Aynpulkfria deprfsaa^ is of interest as the 
principal food staple of the Everglade kite, already mentioned. The 
colored illustration in the center of plate 35 was made from a 
living specimen sent to "VVaRhington from Royal Palm State Park. 
Its eggs, resembling flesli-colorctl pearls, are attached to the stems 
of water [dant-«< (fig. 13). of all must be mcntioued the little 

bivalve, Muaatibim, petrtumeium (pi. 36, fig. 9), which has a thin, 
orbicular stioll through which its pulsating heart can be seen. It is 
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an interesting little ereatiirej actively cliaibirig lunong the submerged 
stems and lettvcij of pl^i^nts, breathing in anti esj>elling water by 
means of a dnnble-harreletl siphert. 

Of greater ecenomic importance ilmii the 
large niur^h snails above mentioned are the 
crawfishes of the Everghides^ which are eaten 
in great quantities hy manv marsh bii'tls, spe¬ 
cially by white ibises and blue herons. Speci¬ 
mens collected in the immediate vicinity of 
I^iradific Key (pL ST) were identided by Ifr. 

Wh L, Schniitt of tlie United State National 
!Musetini os Itageni 

The centipedes and scorpions of Eoyal Palm 
State Park are represented in the writer’s col¬ 
lection by a single species each. The firsts 
identified by Mr. O, F, Cook as Thcii^topv 
postic^j is interesting on account of its pe- 
enliarly hooked and tbiekened Inst pair of legs. 

Jt& bite, thungh poisonous, Is not dangerous. 

Tlie scorpion identified by Dr. Nathan Banks 
as CentTurua ffracilis^ like all of its alisos, has 
pincerlike palpi resembling the daw& of a 
crawfish, unci ji long tni] terminating in a poison 
sting (pL BS)* Perhaps the- most interesting 
feature of its anatomy is a pair of tnintite, di¬ 
verging, combi ike organs l>oriie on its ventral 
side just behind the Itt-rt pair of legs (%. It)* 

The function of these little combs is not yet 
..mfcretood. An ally of fto Korrions, nl.WU 
may be regarded ns intermediate between them prrwA^ os ima; of 
and the spiders, is tlie ginnt n'hip scorpion, kat, 

Mastlffoprocty^ ffigasiieuSy shown on plate 3S. 

Its enormoUnS pnlpi suggn^ the branching mandibles of a large stag 
Iwjfle. Tn the scorpion the front legs arc the shortest pair, while in 
the whip scorpion they are greatly elongntcd; 
but the greatest difference is in the tail, that 
of the whip scorpion being entirely devoid of 
fl sting. Even the fangs of this ugly creatare, 
™ dreaded by the natives wherever it 

imriit tfrndfiA, Ttufitt is found, are said by Doctor Banks to be de- 
re^rnos tmriismntM. poison. T\'hpn attacked it emits an 

acid, vinegarlike odor, from which the name vtnaiffrier has been 
given it by French crsfdea in the Antilles, 
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Among the spidem collected on Puradise Key are acreral of im* 
usual interest. One of tbem, Siphila davipea^ constructs a beauti¬ 
ful web composed of fine, silken threads which glisten in the ssn 
like burnished gold. Its silk has been woven into fabrics. A second 
species, 2Ilrtintt^ a»rai, forms a peculiar egg cocoon resembling a 
miniature paper balloon. A third species, PhitlippuK audaae, spins 
no web at all. but catches its prey by jumping upon it aud drags it 
backward to its deu. It has iridescent jaws and bright rod eyes;, 
from which it may well take ite name of “ ruby-eyed monster.” 

The life histories of many spiders as well as of certain groups of 
insects are ao trttgic that the writer ventures here to re[>cat what has 
already been expressed by Maeterlinck; since it is so slrikingly 
applicable to conditions on Paradise Key. With other classes of 
animals and even with plants man feels a certain kinship, but api- 
dere and insects arc not of his world; their strange habits, ethics, 
and psychology seem to belong to some other planet, where the con¬ 
ditions are more monstrouK, more active, more insane, more atrocious, 
more infcmal than in our own. It is hard for tis to believe that the.se 
mon-sters are conceptions of that Nature who^e privilegetl children 
we love to imagine ounselvfs to b& We are horrilicd at the atroci¬ 
ties they commit; their dandestlno thefts, their ignoble parasitism; 
ibe bold robberies, tlie miirdera, caunabaJism, mariticide, for which 
many of them seem especially adapted. Fright fulness and nitli- 
lessncss appear to be a very part of their nature; and we stand 
appalled when it dawns njion ns that these creatures are far better 
armed nnd ciluipped for their life’s work than we for ours. Wo 
almost dread them as our rivals and ultimate successors, ag tbo dom¬ 
inant idhflbitantB of this globe, 

TUB SPIIlEll THAT STINS TESTtUK BILK. 

Outside the goujte screen of tlic park lodge veranda the writer 
noticed a geometrical spiderweb, in which insect victims of all 
description^ had been ensnared, ranging in size from mosquitoes 
to huge grnsshoppers and dragon flies. In the center of the web 
waJ* the lady spider who had constructed it, and near its margin 
the diminutive male, who seemed to be hanging ’round in a shiftless 
srf»rt of way, .subsisting on such scraps of food os sdic might leave. 
Specimeua of these spiders (fig. 15) were identified by Mr. C. R. 
Shoemaker of the United States National Museum as ^ephU<i 
clavtpasy a species oelebrated from the fact that its silk has actually 
been woven into fabrics, specimens of which, in the form of bed 
curtains, were exhibited at the Paris Exposition, lij order to obtain 
the silk a largo number of females were kept in captivity, each by 



from tiOO U> 1,000 Tlifi ncvrly bitcbcil jouiig iiliow cuanibsilistic 

j>ropen$:itiefi from tlie very beginning; for they not only feed upon 
small iDsccu wiiicL com* in tUeir wuy, but tiicy devour one another. 
After two or tlire* weeka in a web shared in common they scatter 
and oaeh fensal* ])riM,i*eils U> spin a web for herself. From this tun* 
they must be kept separate, or they would . 

oat ono another.' Tn removing tiie silk the I I 

spider is gently seized and secured in a pair B I 

of stocks, and the thread steadily and U h 

carefully pulled from her spiimercts until fl W 

it is exhausted. Iii this way a spider is V U // a 


its peculiar / \ 

ptJpi, which / f I \ \ ' 

correspond to r I ’ \ 

claws of ifl,—jaaumTrt wnaflci, 

scorpions and a&clt ntMuc iocn N*ue. 

the enomions 

■iv b.iv. IP VI .9 no« ampHattKi'a *t 

pincers of the nia or tih iiovbt^ 

t ' iiQoy. S'jLTi RinB. 

whip soo r- 

pjoD sliowti on pliitc 36. but which arc 
in the £ipul&rs Epeeializi-d into 

Doctor ^Vik^er, wise wius the 


orgu.11^, 

fit^t to brwl this for Uitir silk, 

contra:^ the haimlsonic ferimk with tho 
imtignificaat m!ilc> who iii.4tbcr toiD 
nor spms^ and w ho keepw at n respect- 
fid distance except vvlien mating, and even then it is not unusual for 
the ogress bride to eat him up,* 

Tlie Golden JllranJa (al^ known as Epeimf or Ai-^hpc rtpa/yd) 
is a heniitiful, hlaefc and yellow spider of the marshes (fig. 16). Tlie 
female is nearly an inch in length- while the male is only about one- 
fourth iis long, similarly colored j but with the markings less distinct 
and with veij large palpL The females make webs about "2 feet in 
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Iiersclf in an iron ring isolated by water, fed with flicA, and deprived 
of her silk each day. Each of the oucmins of this spider contains 


i aee J. D., Thf- Btrorlniv laj TIMU ct SnUKTHy Jrp^, T0-7X ISTS, 

■ WiTilpr, Ik a„ JKjW ta f tirw ipla. AUauUc Mk}tiUi]7. IS t lau. ISSa, 




394 KEPOBT SlflTHSO^TiAN IKlSriTUTlOy^ 1017* 














never 


diameter in the marsli (^nss or biislies^ with an up-rtnd-down zigzng 
white band across the middle and a round thick !?pot where she take3 
her station. In tlie aiitnnm sha lay^ her cgjps in jl large, balloon- 
shaped cocoon like that iilrcadj^ iliMribeJ (fig, IT)* 
ga end the newly hatched young arc sub- 
Lttacks of parasitic inaectM. 


TERMITES, Pit WHITE ACTS, 


IT,,-— Eas^ 
iw7-[.iinci»a- 
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XTnlike ihoir African relativci&i which huild great 
moundsj the termites of Paradise Key infesl dead 
wood (pi. 30) find are therefore apt to escape notice 
esoept during the period of swai'ming. At least four 
species have been collected in the park by Mr, Tliuniaa 
E- Snyderj office of Forest Insect Investigations^ 
United States Department of Agi'icultoreK The .social orgaTiizalion 
of these little in&ecta b of special interest. In addition to perfect 
wingrtl males and females, and wingless workers and scldiens^ there 
are nymphal and larval fomifr 
of males and females which 
bcconi>e winged, 

The most interestine 
ture in connection ivitl 
little insects is their sociai 
and the subdivision of labor in 
their communiLies^ Though 
icomiuonly tTilIed white ants*'^ 
referred to by tmvol¬ 
ants,'' they are not re¬ 
lated to the true ants, but be¬ 
long to the order Pblyptera, 
more nearly allied to the May 
flies* dragon flies* and ant lions* 

One of the most remarkable 
phenomena of in-^t biology h 
the similarity of the functions 
of corresponding “castes'’ in 
such widely separated groups 
as the termites on the one hand and the ants and social bee^i on the 
other* Both groups of injects live in comtiiutiities and have their 
queen mothers, royal consorbsj and specialised workers, which are 
de:pLaI1y imperfect* In the hers, however, the workers are imperfect 
females, while among the termites here considered, the castes of both 
soldiers and workers are comp«ised of imlicrfect males as well as fe¬ 
males* Another important point of difference is that nowly hatched 
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and wiisiis are helpless, footl(Hs grubs, while the roung termite 
when it emerges from the egg is an active, crafflbg, six-legged crea¬ 
ture, which soon begins to feed itajif.’ 

EhUAflOH FttES ARD I>EU01 B ELLE8. 

On plate 40 are shown five species of Odonata from Paradise Key, 
identified for the writer by Hiss Berths P. Currie of the Unit^ 
States National Museum, and her brother, Mr. Rolla P. Currie. 
While sitting on the eereened venrnda of the pork lodge it waa 
pleasant to watch these graceful insects, like squadrons of miniatnro 
airplanes, waging incesjant war upon the besieging mosquitoes. It ia 
not possible within the limits of this paper to speak of the early 
aquatic Stages of these mscctfi and their tmiisfonnntions. Atten¬ 
tion has been called in connection with the Bromeliaceffl to the fnrt 
that in tropical America there are certain species which lay their 
eggs aod undergo their tran.*;fonnationa from tho larv'a! stage to the 
perfect insect in the w liter collected by tins leaves of epiphytal plants 
of that family. In this connection the reader is referred to the recent 
work of tlie Calverts on the natural historj' of Co^ Rica.* Some 
of the species shown in the illostratioii are quite widely distrilmted, 
but G^Rac{ai.thii iitrt'iwu, the largest of the coUccdon (pL 40, fig. 2) 
is a very rare tropical species hitherto represented among the North 
American Odonata of the United States National Museum by a single 
specimen; and tlie dainty little dcmobelle, ArtfmJliif/ma minutujA 
(pL 40, fig. 4>, whieh is even rarer, is quite new to the collection. 

SlARGAROnES. OR GROCND PKARIA 


In the black soil of the forest, often in the ckfta of limestone pene¬ 
trated by tlie roots of planto, quantities of little opalescent globules 
niB sometimes found. These beautiful little objects are the shells 
of Coccidae or scale insects, known os Margarodes or ground [learlt. 
They occur also in the West Indies, on some of the islands of^which 
they are strung into necklaces and made into purges. ^ ery little is 
known concerning their life history. It was formerly thought that 
they occur on tlie roots of plants, but ilr. . T. Swingle, who was 
the first to find them within the limits of the Unitctl States, in Jan¬ 
uary, 1695, called attention to the fact that in no case did he finil 
them attached to roots. In the accompanying illustrations, plate 41 
shows n colony found by C. A. Hosier on Paradise Key, m 
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iigsuni^ ut uuUtic iiiiicfitoiie. On plate 42 are sliowu cvstflr cnlargod 6 
diameters; and on plate 43 are shown neekinoes and loo» ground 
pearls in the collection of the Bureau of F2ntoniology, collected by the 
late Prof. C. V. Riley and Mr. IL G, Ilubbarfl in the West Indies.^ 
This plate is repieKluccd from a photograph kindly fnruiahed the 
writer by Dr. L. O. Howard, Cliief of the Bureau of Entomology. 

The fuTiiily Cocctdai', to which Iheso interesting ground pearls 
belong, includes some tott pernicious as well as some very valuable 
species; The former, known os scale insects, do great injury to fruit 
t rees and Other plants. Among the latter are several which are the 
sources of v.'ilunble dyes and lacs: the Mexican cochineal, which has 
become domeatlcnted and is reared on certain species of Cacti; the 
classic kertntii of the Old IVorltl, from which “ crinison ” (cttirr/teetn) 
takes its name and which was used for dyeing the curtains of the 
.Tewish tabernacle; the scarlet grains” of Poland, gnther«l from 
the roots of Sclm-anthas pereiinia' another specie:^ infesting tiie roots 
of tan^uitarha^ used by the Moors os a source of a 

beaut if qI rose color with which they dye fabrics of wool and silk; 
the .^hsiatic lac insects, which produce conmiercial lac, from which 
slicll-lac, sealing wax, and lac d 3 'Qs and certain lake piguicnts are 
derived. It ia interesting to note that among the principal trees 
infested by these lac insects art certain species of Ficus; and that 
the Ficus owrea, the Etrangling fig of Paradise Key, is also infested 
by a Coccus, which Mr, Harold l^Iorrison of the Federal Horticul¬ 
tural Board has identifietl as Ceccuv elont/atris. An attempt might 
be made to introduce kc insects from India into southern Florida, 
to SCO if they would thrive on the native species of Ficus, 

HUGS, 

Among the Ilemiptera of Paradise Key determined for the writer 
by Mr. E, H. Gil^aon of the Bureau of Entomology are Acrost^rnum 
fuliiris (pi,. 44, fig. S), a smooth, green insect allied to our squash 
bugs; Uptcglossus pAyCogu^ (pi. 44, fig. T), sometimes called the 
“leaf foot”; and MelaptnHus femorcim (pL 44, fig, 8), the “thick 
thigh,” which punctures fruits and sucks their juice#!. Less conspicti- 
ous are the brown bug, Emcimtus iefeW™, and FAcssa. lifda^ the 
latter markeel on the back by a whitish U-ahaped figure. To this same 
class of insects belong the various tree hoppers, some of which lire of 
odil shapes, Bimulating thorns ond other natural olijccta 

KOAUKKS A.NP GItjVSSnOPPEItS. 

Among the Orthoptera of Paradise Key, determined for the writer 
by ilr. A. N. Caudell. Unitcfl StiUcs National Museum, are Aaryro/w 
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fi/mdana, (pi. 49, fig. 0), a lutgc’ ruucL; G&ntsi&ta grUea. (pU 44, fig. 
6), a mantis resembling the ‘‘prajing nintitis "'of soulhwn Euroiie in 
form, but differing from it in color, and distinct from it grnericBlly; 
a walking stick, Then^rotia grummin,' and Bs^israt gmsaboppcr^, nr 
locusts, including Rom<d«9 vdrroptem (pi. W. 
fig, 10, and pi. 43, lig. 4), remarkable for iLs 
great sIm and gaudy colors. In addition to 
thesQ tiiay bo uieiitioned a katydid. 

Uxtrms (pi. 44, fig. 9) and a cricket, Gryllm 
mmrdlia (pU 44. figs. 1 and 2). 

A large specimen of the above-named roach 
Was observed on tbc lodge veranda in the 
process of Diolting, Motionless, head down¬ 
ward, holding on to the side of the hoitsa by 
its Bi:t feet, its shell proceeded to split and an 
exact replica of the iojjcci gradually emergcii 
from it. but it was pure white except, its two s'la la.—.vcmi-T 
little black eyes, which were almost concealed 
bv the atiterior ctlgc of 51.= sldeldllkc thorax, cabt-oft ExoaKiiLerTo^. 

/ ^ # 1 f I 1 I . -x liiUr J(AT. tllUt 

At iirst 3 t soft find lieLpLcf^s, but it 

showed of lilO} amd turuing about fig^. 19) It procct;cied to 
devour its cast-oil even to the tijis of tlie autetiu® and tin? cigiil, 
epijiyt chitinizccl legs? so that there WiLrs not a vestige left of its old 
e^coskeleton. This species, the only represent id no of tlic genus 
Euryootis m the United Slates, is conGiied to 
Florida and Georgia. Jt has nidimentarr 
wiogs and is incapubk of flights Its food con¬ 
sists of all kinds of organic ^ibstance±% indud- 
lug testik fabrit^ and Ilis only tlefeii^ 

is n volatUoi ill-suicHiug substancci which It 
exuded from beneath the idKlnmciL 

(ronaiista the common mantis of the 

park, present4i on acinitnihk example of camoii- 
flago; for its Uchciirike moLtled grayish ooloru- 
tioQ renders it almost invisible as it stations 
„ itself mntionless on a braiidi or stem in wait 

ognBttvfs irri- for Its iiu^t proyv A specimen of its peenhar 
iM, Fhoii A MwtucK &ofheca. sent to the writer by the 

MIXCTEO Bt c. A- ^ V . 

MiiTBjBB, Halt iTAT. park warden, is shown in figure 20. It is al- 
“'■■■ most identical in form and structure to that 

of its European oousiuj the life history of which is even more 
terrible than that of the spiders; for itisteiid of one husl>an(L this 
lady llliiebeard is capable of devouring seven liusbajids in suoc^ 
siun. In this connection the reader k referred to tlie great work of 
Fabre, who apro^ios of the mantids exdaims; ^Ah! les ferooes 
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botes! On dit que los loups no so niangotit pas outre eux. Ija Nfante 
11*0 pfts CO scrupale.^ Tbo details of bcr conduct as related by him are 
too hornble for transktioiL'^ 

Tho Phasmidae^ to which the walking sticks belong, arc all wing- 
less insects which mimic different kinds of twigs. They are slow 
nnd deliberate )D their iiiavoments; they also are coaioiiffeura, reiy- 
iog for protection upon their deceptive resembhinee and in some 
cases they emit an offensive repugnatorinl spray. ITnUke the man- 
tids, they are exclusively herijivoroiia* 

Itomaha microftera^ the giant grasshopper already mentioned, is 
dimorphic in coloration. In the normal form the fore AviiigB are 
bright onuige dotted with black and the hind wings crimson or rose 
colored with a black bonier. The general color of tho other form is 
black or blackish. The female of this specka is shown on pdatc 45, 
figure 4. and the suiaJler'Si^ied niato on plate 44, figure Itt. Mr. Cau- 
dell has described the means by which those insects produce their 
peculiar simmering noise, which ho traces to certain spiracles on the 
side of the thorax.* 

BEerUSJj ANTI THEnt ^a.LIBS. 

Among the most intere^ing Coleopiern of Paradise Key identified 
by the venerable entomologist, Mr. E. A, Schwarz, of tlie TTnited 
Statcif National lltiseiim, are fthfticItGphonut crwpntatuH (pi. 4,), 
fig. fi)y n large, black, weevil with two broad, dark red stripes on its 
thorax, and deenrved snout (which gives to the genus its name), and 
antenna; jointed like elbows ant! torininating in broad knolis. It is 
allied to the geiuis Calandra and breeds in freshly cut or broken 
palmettos. Tlic mluH insect uses Its snout not only for feeding but 
also for boring holes, Into wlijch it deposits its The Idrvie— 

fleshy, footless grubs, witli tuliercolea instead of legs, and thick, 
horny, curved jaws—burrow through tho freshly cut stumps and 
W'hen about to transform to the pupa stage they envelop themselves 
in a cocoCKi of twisted fibers. This specif, which ha.s hitherto been 
recorded but from few localities i»i the United States, was collected 
in the Koval Palm State Part on May 14,1916, by Mr. T, E. Snyder, 
of the Offict* of Forest Insects. 

Sharply contrasting with the above m the remarkably slender little 
weevil, Brenthm anehorago (pi, 45, fig. 7). It bos h smuothty pob 
ished, jet black head and thorax, and its wing coses, ns seen under 
the Icna, are marked with deep parallel furrow's composed of minute 
punctures niid ornamented with two longitudiiial lines of straw color, 

FtbuCi 3 . Mows dEs luLKcct#: tn&pcwiur wiraitt r*- 
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Tills species bna iin iilmrest straight sU'ijdcr snout, ami its ntitemiED 
nre not dbowed like tliort? of the Kyjichoplionis, but nioniliforui, 
like n. necklace tomposed of many 1 wails. Its life history bus not been 
studied, but in a closely allicil genua the feinaks puncture the bark 
of an oak and deposit their eggs. Tlie kna. a cylbidrical grub, wiiU 
throe pairs of legs and an anal prop leg, bores into tho so till T^ood, 

Other Coleoptera collected in the park are a putHlatciry tiger beetle, 
Cieindfla dark colored uboro itnd metallic beneath ^ a water 

siCiii'engi^r, neb'uloau*,' a largo click beetle, Ahifx otritiatufif 

irbich has the habU of springing up suddenly when laid down on its 
Iwcb; Sujve^ifvt lin^ata, whose grubs arc known ns hanuner-tieads or 
6at-heflded borers; Caleptirre»i T<tfirubUum, with bniciil yellow and 
black bands; several lameUicoms Scarshaeidae), including PMhm- 
riM fruHifl/ifj, Ph}l€ttrti8 tfti/juj, tlie ycllowtish brown vine chafer, 
Pd!(/not(i punctaffif' Aw7i>a7<t Fabr., which, like the pre* 

ceding, feeds on the leaves of wikt grapes; the handsome, green 
Euphoria limbolh; and Trkhmn delta^ easily distinguUlied by a 
deltu-sliBped spot on its back; sevcrol lougicorns (CerambycidaeJ. 
including the twig girdler, OneHera dtngaUsJUik^ the gumbolimbo 
borer, MaUod-oi^ dasyattuMia (detemiined by F, C. Craighead)^ and 
the very rare svturaliii^ 

In addition to the sbove-jnentioned species tho collection includes 
several small leaf beetles (Cbrj'sonifiiidae), several weevils infesting 
palmetto seeds. Calandrids injurious to mabe and other grasses; and 
a number of minute bark beetles {Xi/feborun s[tp.) belonging to the 
ScoIytidiE. which have been described by Dr. Andrew D, Hopkins 
of the Office of Forest Insects. To speak of them in detail is beyond 
the scope of the present paper. 

MOTHS .VND BLTTERFUKij. 

The most attractive iiisocts of the Hoyal Palm State Park arc un¬ 
doubtedly the Lt‘pidoptcra. For tlie identification of those in his 
collection the writer is indebted to Dr. H. (}. Dyar and Mr, Carl 
Heinrich, of the Bureau of Entotnology. The order to which they 
belong takes its name, Lcpidoptcra. from the minute scales which 
cover the win^ and give them their varied and beaut if nl color 
patterns. On plaio 26 is shown one of these scales from the wing 
of a PapUio, or s^vallowtail butterfly, magnided 7,'id diameters; and 
on figure 21 the arrangement of these scales on a butterfly^s wing, 
overlapping one another like shingles ur tiles. 

aiomis. 

The rarest and most interesting moth collected on Paradise Key 
is the West Indian Pi'rtgituta lu*ca hUet'rv/itrt Walker (pi. 47. fig, 1), 




400 


AJTJTUAl. REHJBT 8MtTlI&ONUN llTSTITUTlOIf^ 1017, 



run 

wt,vfl OP A BirrmPi-T. 
Pdplli« ip^ m TiMJtfl 
KAi. AIU. 


n variety of what may be called in English tlie “piirbliml hawk- 
moth,” It is of a rctldiijh brown color, with the hind wingt handed 
with a deep umnge. Like many other Sphingithn it fowl.i niM>n the 
iicctnr of flowers, about which it hovers like a hiitiiming bird, and 
thrust i ng its long probosci s fa r dow ti into thei r corolla tubnis. A m ong 
the day-flying wasp-moths are the Sifnf&meida ipotofieue I!arris, 

which frequents morning-glories, a handsoine 
SfTCcies with orange-and-black banded abdo¬ 
men and black wings spitted with white (pi, 
fig* 5); and the closely allied polka-dot 
wflsp-moth, Sfjntomt'idu epilain Walker (pi. 
•4-4, fig. 4), with the ubdotuen tipped wiih 
bright orange-red and witii black wings atiil 
tlioras spotted with white. Another wnsp- 
inoth of the park is the little DMs^ifs helae 
Grote (pi. 47, fig, 4 ), with oninge-tuflcd 
abdomen and transparent windows in its 
dainty wings. This exquisite insect is essen¬ 
tially Floridian, and is the only species referred to the genus Ditbsj'B. 

Of much wider distribution is the beautiful little tiger moth, most 
appropriately named by Linneus lltketheisa b^lla (pi. 47 , fig. 5 ). 
It has row-colored hind wings bordered with bluck and orange red 
fonj witiga crossed by white bands dotted with bUck. jVnother in¬ 
teresting moth, belonging to the N’oetuida', which fly by night, is 
Xanthf^pimth timula Cramer (pi. 40, figs. I and 2 ), the foro wings of 
which are a delicate rose color mottled w-ith 
black and yellow, the hind wings of a silky 
mouse color, the thonrx densely covered with 
erect black fur, the hairs of which os seen under 
the lens terminate in minute white club-iihaped 
tips, and the abdomen clothed with black hairs. 
lU gaily Iwniled' iarvfo, according to Doctor 
Dyar, feed u][Kjii “ a species of lily.*' Specimens 
were collected by iMr. Thomas E. Snyder on 
Paradise Key where the adult Insects ^ve the 
[>ecu]lar habit of resting during the daytime 
on the trunks of royal palms, usually high above 
the tops of the other trees of the hanunuck. 

Tliey are mest abundant below the bushy fruiting spadices of the 
palr^ and from a distance look like dark'specke against tlie smooth, 
whitish, colamnar trunks, 

Liuit of all must be mentioned little “ log-cabin worm,” f3n!-ef£«w 
MoH Grote, whieli construct* a case of sticks like a miniature crib 
(fig. 22). It is an obscurely colored little moth, related to our com- 
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intui bagworoi {TKcndo^tenjx tph^mcfneforfi^). Tli« lar^ss iir6 
sheathed in these little baskets, and the female, who is wingless 
thrnuglioitC her life, never emerges, but deposits hereiicgs in the larva) 
skin which lines the basket in which she has developed. 

nvTTisfijnjES. 

Three of (he hutteraies of Royal Palm State Park may be desig- 
natwl the regal group: the ‘‘monarch," ATWnia plexippm L. (pi. 48, 
fig, 2); llie “queen,'’ Aitmia Cramer (pi. 48. fig. 11 j and the 

\ iceroy of Florida, ZfasiterrAia fioridenfk: Streck, (PI. 48, fig. 3.)^ Of 
these the firfrt two a re closely related, hut the last belongs to a distinct 
genus, though resembling m general aitpearanee the niotiarch. Both 
the monarch and the queen are said to be avoided by birds, pre* 
{lacious insects, and other insectivorous animals on account of the ill- 
taisting, acrid, juices secreted by thein, and it is lielieved by many 
naturalists that the viceroy imitates its royal companions, or rather 
has gradually become modifietl eo as to resemble them, owing to the 
protection which this resemblance assures it. The male of the mon- 
iLrch is distinguished from the female by a black scent pouch on each 
of the hind wings. It feeils upon milkweeds (^Vsclepiadaceae) and is 
widely distributed over the globe. The Florida viceroy resembles 
the more northerly HotQan-hia arcMppm., hut is darker colored and 
aomewliat larger than tliat species. Its caterpillar, which has promi¬ 
nent tiibcrcules on the back, is found upon willows {S^Uht atutphibUt), 

;mnM WTirarLT, 

Tlio most interesting and foreign-looking of all the butterflies in 
thft park is tbo yellow and black banded IJeUsonins chaTitoraast L. 
(pi. 41, lig, 2), belonging to a tropical family, of which it b the 
only representative in the Fnitod States. Special attention has been 
t'aliwi to this group by the naturalists, Alfred Russel Wallaoe and 
Thomas Belt, in connection with the phenomenon of mimicry. The 
Helieonii are aaid to be avoided by inscct'caiing birds and other ani¬ 
mals. They are protected, according to Wallace, by their unpleasant, 
strong, pungent, taste. Belt noticed that certain other butterflies of 
a distinct family, and even certain species of moths resembling them 
lerv closely, shared their immunity from attack. In “ The Sfatural- 
ist in Kicaragtm*’ he calls attention to this fact. He tells how he 
watched certain inserttvorona birds feed their young with various 
kinds of insects including biitterilies, but never in a single instance 
did he see them bring u Heliconiua to their nest, thougit Heliconti 
were abundant in the locality where the observations were made. Tic 
tried to feed Helieonii to a captive monkey, who greedily ate beetles 
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and other butterflW, but tlio monkey ™ild not be indncetl to cat 
them. Wlicn it Heliconiius was given him the monkey would take it 
politely und ^metlmcs ameli it, but ho would invuriably drop it after 
bolding it in his JifKid for a few minutes.* Tlio butter^ics n^d 
motLs resembling (hem weto also avoided; imd the same was true of 
certain bniroleas insects resembling species provided with stings. 
The craterpiltur of tho Zebra butterlly feeds on tlio little passion 
(lower {Pm^^ora. $>uife)'osa) f which is ijutte common in the park. It 
is interesting to note that both the butterfly and this host plant oc- 
enr m Cuba and the U'Sser ^Viitillea In Florida the species ranges 
frfim tho region of Indian River and the headwaters of the Su Johns 
to Cape Sable. It also occiire in ilesico and ranges souUiward 
tbroiigh the lowlands of Central America. 

TtiT. itmrAt.-iiABKa, 

r<tJ«p/i€lM raeniiu L., tho «little mctal-tnark.^ is a very small 
butterfly belonging to the family Lemoniidae, and tho subfamily 
Krycininne. It is of a reddish brown color on the upper sUo 
brighter red on tho under siile. On tsub the upper and the under 
Mdes tlic wings are profusely spotted with small steely blue metallic 
murkiiigy, urrangoil in more or less transverse aeries, espociallv on 
the outer margiiL Expanse, O.To inch. Its life history Is unknown. 
This s^ies is cttmnion in Florida, and ranges thence nortliward to 
\"irginm m\d wt*stwortl to Texiia** 


Ka^U HUTTOttTLr. 


The remarkable little “coontie^ hiitterflj of the pineknds, Eu- 
moeiM atoia Poey (pj. i,>, fig. fi), belongs to the family ^hich in¬ 
cludes the little “blues” (Lycaenidae), but it k larger than most of 
its members. On Paradiw Key it is only an occasional rlHitor, but 
it Qccnra on Palma-vista, in tlie iiorthenfit comer of the park, where 
its food plant, Zamia ficrufium, grows.* According to Holland its 
early stages await deOTiptlon, but Ifr. E. A. Schwarz, of the United 
States XfttioJial Jliiseiim, bos given an account of its life historv 
with ONcellent illustnitions. The butterfly, which also ciccnrs in 
Cuba, IS conspicuous, not only on account of its cnlowtioi, but also 
for ifa abundance. The larv., is of a brUliant red color, with tufted 
protulieranccs on eveiy segment, Tlio bntterflv lavs its cream-col 
ored eggs, resenihlmg microsropic, depressed, spineless -lea-urchin 
ehella. on the under side of the leaflets and along the midrib or 
tachis of Hio leaves while tliev are still young anrl tender. In about 
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10 daTS the «»f g» hatch. Two weeks iater the larvaj are full grown 
nod iMsstijne the pupa states which lasts 0 OF lO days be fore the per¬ 
fect insect emergcsi.’ 

On plate 4^, figure 0 , is shown the closely allied Eurnaem ntwiya?, 
which ranges from Texas to Brazil, and which in all probability 
passes its early stages on Cveadacoons plants related to Zauiia. 

Tur ?iirypiifL 

Among the otlier butterflies of the park belonging to tho subfamily 
Nymphalinae {which includcjs the Baailiirclik described above) are 
the passion Oower fritillary, Dhne {Agrut^k vaninat) L, (pi. 49, 
fig, 1 ), tawny and black above, with a few white dots,and beautifully 
spotted beneath with silver; the handsome peacock butterfly, or 
“buckeye,” Juaitmia cetnia Hfibnor (pi. 47, fig. 7), which is said to 
bo verv pugnacious toward other gpeciesj the white peacock, 
jniro/tAoi L. (pi. 47 , fig, 0 ), a faded-looking tropical species whe^ 
early stages have not 3 *^t been described 5 tho dingy pcacockp Eufuffs 
tatiJa (pL IT, fig. 3 ). a ilark-colonnl butterfly, with white spots and 
metnllk, lihie reflectiema on the upper surface of the wings and rows 
of many little eyes dimly visildo on the untler surface; end the porlia, 
Aiuuss- (^Pgri'hoiuivo) pQrtiit I'abr. (pi. 49, fig. 3)i iv handsome fipomes 
essentially tropical in its distrihution, of a rich garnet color above 
imd laved with yellow on the under surface of its fora wings. 

rnn ttrLPrrrw, 

Those found in the park ineliidc I ho cloudlet sulphur. Catop»Sia 
etiItuU I* (pL 49. fig. 2 aud fig. 5), tlic large orange sulphur. Catop- 
aifis agarithf maxima Hemi. (ph 49, fig. 4), which pass tlieir early 
stages on cassia plants, and the little cassia sulphur. Furemfl (Ter- 
ws) caterpe iteurtries (pi. SO, fig. 3). In addition to tliese may bo 
mentioned the “ Florida white.” Tociym ilaire Godart, the male of 
which has the hind w'ingp on. tho under side of a very pale saffron 
color. 

hWALUaW tAttJfL 

Among swjallowtails of the pJirk is the magnifiwnt PapHi^ 
cre^phmaies Cramer (pL 50, lig, 2), tbe larva of which h usually 
cTiIlifd orange-puppy'^ from its habit of feeding on citrus trees. 
Here it is found on the native wild Limet Za^thj?jryJum Fagamr a 
shrub or small tree botanically allied to Citrus, which hits Its foliage 
dotted with minute ftrumatic oil glands The butterfly has brown 
wing^^ banded with bright yellow, and closely resembles Pi^pili^y 

^ SclkWMri^ E- on EumaciU Inwt Uffi. Tud- I* Pp. 37—10. ISSE, 
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of southern Texas. In sout hern Florida great dnninga is some¬ 
times done to the orange groves by the cajterpil’lar. Another beatid- 
fiil awallowtail is P<t}>ilh pal<ime.d€8 Drury (pi, 50, fig. 4), which in 
its early stages feeds on the leaves of various bay trees; not only on 
those of the swamp bay {Tamda pvhetcait), belon^ng to the Laurel 
family, but also on the foliage of the sweet boy glaaca)^ 

which belongs to n vei^ distinct family, but is aromaticaUv fragrant 
like the laurels, or true bays. 

Among the more sober-colorod butterflira of tlie park ate two so- 
callod akipfiei^, Pamph/ta o*;6la {Prene^ ocoJti^ Edwards), the life 
history of which hus not been studied, and the swallow-tailed Eud<b- 
mua L. (pi. 50, fig. 1), the caterpillar of which feeds upon 

lepiminosic and makes a rude nest for itself bv drawing the wlgea 
of leaves together with strands of silk after hiiTing cut slim in them. 
Ity the farmers it Is appropriately called the bean leaf roller, and 
IS regarded as a pesL 

.\NTS. WASI'S. AND llEES. 

The hymenoptero of Paradise Key were kindlv identified for the 
u riter by Jlr. J. C- Crawford and Mr. a A. Sohwer, of the United 
States Xfttlonnl Museum, and Mr. H. L. Vieieck, of the United States 
Iliologica] Siiney. Several of the most remarkable ispedes are 
slicwn on plate 51 * 

A NTS* 


Tho carpenter ant, Caniponotm {MyrnwikHa-) ahdominalh rep¬ 
resented in Parndise Key by the aubspeoics fondtinm (pi. 51 fig oi 
mrM have oome into Florida fmm the West Indies.* Like its’neai^t 
relatives, this ant makes tunnels or galleries in dead wood, ajid, tike 
other trtie Formkid«, its colonies consist of several distinct fornis or 
castes; in addition to males, females, and ivorkera, a large-headed 
caste usually called soldiers. As in the termites, females and males 
ora wingecJ, white the workers and soldiers are wingless. Comstock 
who has studi^ the habits of the closely allied carpenter ant (Uampo^ 
notm pentmjh’amcfi*) of the eastern United States. descriW n« 
»«pml ffigbl of ,„a V^y =«,nX ^ 

moon the male dies; and tim pregnant female, tearing off her own 
wings, for which she has no further a®, proceeds to form a new 
colony very niiich after the manner of the bumblebees and social 
wasps. On many occasions C^stock found a female carpenter ant 
m a small cleared spare beneath the bark of a dead tree or log either 
iilono or nccompanied by eggs, larvie, or small workcia Usuatlv tbn 
females are styled queens,^ bu t (his name is hardly applicable to 

■ WHedM. W. U., Aiin. mh-lr stwiarr. MUfi p, kZ - 
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ihfm of HJiU, TLey ar& siniply tlics luotlirrs of tlioir culnnif^s. Sev- 
prfll of ihmi mav live iogeliier in perfect UamKinj* * iinlikD the jc^tDiL? 
fjuccu bee, who siilFeri no rival to ber I Krone* 

But, if not I'leully a queen* the mother ant 
treatPfi with queenly ennsideratjoa by her rUil- 
drciu who feed heCy care for her ejigss as soon as 
slie lays them, and adminlsler to nil her want^** 

In addition to the apccies just described is a 
form of the ’ffidel 3 " spnend Camponatm maifu- 
which occurs on every continent and 
iiiRti^* blanihi ntid is divided into ti nitmber of 
well-morked ^aricticii^ or siibspccics; a smiiill 
stinging ant {Pse^idomy^y^m ymeffkP) closely 
allie<l to tropical American species iidiablting 
iKp hollow tlioiTis of bulblinrii Acacian: and the or ixir- 

liny^ yellinvisli Pharaoh 5 ant {jlanonu^nmn. orric?< jh ria- 

ph{^ra4?nh) which is so often a pest on board jitwRt 

sQjp iis wcU as m hutiscs;. 



itrmut w%vHrs a:^ij WASts, 


On the fniinework r^f the lodge veranda^ oubldc fho copper giiuase, 
there were li uuniWr of little wasp nests resemhliiijr minmfum ollaa, 
or earthenware derantcrH, Tliei^ were the work of a slender-wajatedy 
black and yellow insect belonging (o the gcnii^ 
Kuincnes, ^lomo of the nesL^ were gmiipcd in 
vertical rows (fig* 2^)^ while otliers were sfdi- 
taryy cloe^ely iTscmbling si mil nr nests found on 
the stems of nianiih plants in the atljoining 
Everglades (pL 51^ fig, 11)* On open ing some of 
the little ollas the reniains of insect larvae with 
which they hud been stored were founds hut ac¬ 
companying these, instead of n baby Eunienes, a 
iKMiutifuly little^ jewcilike wasp {Chry^h sp.) 
WBji found; in sumo cusck of a brilliant &ai>- 
phire Instery in others an ciiienihl green (pi. 
51, fig, 15). Specimens of these little insocta 
caught near the nests, immedlatefy rolled thorn- 
sol ves up like miniature armadillos* Under the lens their brillant 
surface was found to be iiimutaly and regularly pitJeth each concjive 
pit reflecting a brigbily colored li^t, eauBmg tlie to shine witli 

exquisiio luster. Oil plate 55 three specimens frrjin Pam disc Key are 
shown, enlarged fi diameters^ One of them is rolled up for defense as 
ilesiTilied- The alidomen is scjmewhirt concave on the under side, 

rumiUh-li, J. 11^ ^[Biaml for tbr Etn^r of Tib cJm I'li. 

*1^33-—mi 7—27 
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and is bcni umkr the tUomx when the insect rnUa i I self np. In 
ir,s pariisUic huldts it n??eiiihlc9 the Iclineumons. On discovering the 
nest of 11 potter it wails until the jx^ttcr (Hg. 24) is absent; 

then the little rnscab not enring to rnnke a nc^ of its own, dcfwsits 
its egg in the potter's nest. Snnietimesi it is sciq^rised in the aet. and 
the indignant potter attacks it, but St mils h^lf up into a ball, rely¬ 
ing upon its metalUe armor for proteetion, atitl the only damage it 
can suffer is the Iosk of its projecting wings. 8t. Fargcaii nbj^erved 
a bee, who had surprised one of these little rolibers ^fi^rante deUeto^ 
bite off its four wings; but she did not lliercby save tier young, for 
as wtjn as she was gone the wingles Chrjsis crawled itito (he nest 
and deposited its eggs. It h on account of this habit that the clirys- 
ids am called cuckoo flies. The tiernipn.s call iheni 

{gold tvas^ps), for eom© of the Rurojit'au s|necics 
liuvc a golden luster, Tfi llie writer l!ie name 
jewel wasps seems mm\ appit>priate. At 
least two species were collected in Royal Pultu 
State Parkj one iHslongiiig to the section Tct- 
mchrysTs, and ttio other, identifietl by 3^1 r. xS. A. 
iZoliWcr na i'/iryHis parvulci (pi. :>l, fig, 13), 
belonging to the section TricKn^sia, Oii being 
shown one of the clay iiesta al^vve descrilred, 
Slr^ dohn Peabody Harriugton of (he Piircau 
of American Ethnology at oiico rce<ignized its 
rescmblancB in form to certain vessels of earthen wane used by tlic 
Diegurno Indians of sou I hem California as receplacles for the ashes 
of their cremated dead. 



F[a.25.-&JWTA11T 
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OTTTE^ PARASITIC WASt-a, 


Cloacly allied to llio potter ^I'asjss, but somewlifit less elegant in 
form, are tho solitary wasps of llie genus Odyncrus, wlilch construct 
fells of mud in tubular caritiess and store them with small cater¬ 
pillars for their own lanw to feni upon. On the island of (fiiani 
ji cor til in spefies of thb genus was very nbundnnt, filling with its 
cells empty cartridge cases, roUed-up magaslncs or newspapers loft 
lying about, tho hollow intomodes of bam1)ooa, and even giin barrels. 
In each cell cjcamined the writer found a small, green caterpillar, 
which liod been stiipefie<l but not killed by the insect's sting. Tlio 
larvfe of the Odynenis in eating their animal food are mucli more 
active than tbcuse of pollen-fetaling irtseffs, continuing to turn tlietr 
heads from side to side and living for some time after having Iwn 
taken from their ccllsd One of the species collected on Paradise Kev 
wns identifieil by Rohwer as Odyncrus fpiadrisfctun (fig, 25), a 

SarTrtrt, w. ja., Thw PtiDt* tl3* of ({dun. C&tatr, fKim Xhtt 

KfLtOiieMl ^crlMiriun, ft ^ ft2. lOOS. 
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imily inscctt somewhut like ri yeIJowjin;kct, iiiEit'ki.-4l with fuiir in\Uii- 
visrsa yellow bnncb. 

Cumpjti^tt^k ^uadrhji^/niJ/Um^ the hirgest of th*j purk (pL 
T), tokes its nnme from four bd^ht yellow spots oa its abdo- 
men. This insect makes no hut burrows in the earth in scai^h 
of grubs of beetles and other brvaji in which it deposita its eggs- 
Coutrasting wiiU it in sijse hi a sfiuaTO-headed litilo solitary' wasp, 
i/y/?£^cfu6c? ilecemnui^If^vs (pL Slj fig, 3)^ which stores^ its cells 
with Bmnll inseuts. Smaller than thU are PrhiiFtiIir{TUJt fi<»rkiaiiuit 
[ fd. 51, fig, 5), belonging to the ensign flics (EvanUdac), and a cer¬ 
tain unidentified Bracnnid Ijelongirig to the genus UetercKpUuik, many 
individuals of which were found in tlio buirow of a borer. 

nonNfTT!^ A-vn wtrn mubeiL^, 

A collection <jf lljiuenoptcra received from Jfr. C. A. Mosier in 
Murch^ lOlS, inchided scvurEil hornets, mud dauljcrs, imd solhai'y 
wasjis, kindly determined for the writer by Hr, IL L, Meixsck, 
Among the hornets, or social wasps, werci Pi^Ikteif rubig!no»m^ of a 
mldish-ijmwn color, which constniets niiprotected ncsb iY!sentbling 
honoycomb in sheltered places, und anmfhtnH^ S4'}rnewdi[ik 

smaller and darker colored, wddeh mngea as far north as New' Jersey. 
Among the mud daubers were Scckphnm cementurim^ a widely dis¬ 
tributed species with very alender-pediceled id^domen, and kgs va¬ 
riegated w'ith yellow; the dark, steebblue Ckalybi^n cwruMi-^rt/ tha 
‘^thread waistmud wii^ip, Sphe^? wifh tho upper part of 

the idxlomcn adjoining iho threadlike pedicel omngi&-colorcjl; and 
the little aknder Trypo^^lmi devoid of yellow bandb on 

the abdomcti, many of wdiose dose allies store their cells with faiiull 
sTpifkrs or msccta. In aildition to these there was a ruro Utile Jfioll- 
tary wasp, Zethux {PidpnwffOitira) with its ahtlonirn sepa¬ 

rated fmni *he thornby a fiLstform or pear-shaped peduncle, and 
with narroAV wings directed backward but not overlapping. 

IIEES ANO TilKIR ALLTI1«. 

Among the liocs coliecteti on ParadiBO Key the follow ing have l>een 
identified by Mj* Crawford t Bomius pemiifplv(mkjwsj a widely spread 
hiimblebce (ph 51^ figs* S, 9, 10); XyU^pa mican^ Fabr., a car¬ 
penter bee, which escavates galleries in dry wood (pi- 51, fig. 1); 
^veml leaf cutters, including tlie rare Meffachik poUicam Say 
(pL 51, fig, 4); Li parasitic cuckoo lieo {Coelinxys); and a nietallic, 
green jew^ol beo (Aitffonhiitra) which digs bnrrciws in the ground* 

Perluips tho most interesting of all these arc the leaf cutters be¬ 
longing to the genus Megachilc (pL 51, fig, 4), Thew arc tho in- 
which cut circular dbk$ from leaves w^lth which to line their 


408 AjrifuAL iiKTonT esrmisos'iAN' is-stitutioa', 1017 . 

nests. Some of biv tTarpenUTg us well as leaf cutters. And cxca- 
vuto tunnels in wood before ciilting the diskB. The lined tube, 
iisimlly rounded nt the bottom, is partially filled with a paste of iml- 
len tind nectar, upon which the egg is deposited and the hole is then 
stopped up with circular leaf disks a little greater in diameter than 
the tube itself.* Like the provident potter wasps the leaf cutter bm 
also have their enemies; the nests so carefully prepared for their 
tender offspring are infested by cuckoo bees, belonging to the gunus 
Owliolte. This genus is represented in tlie author’s collection by 
three specimens of Codhxyt Fox {pi. 51, fig. 0), collected 

on ParadisG Key by hfr. Sfoaior. 

flies. 

The Diptera of Paradise Key include many groups zoologically 
relntctl but with very diverse habits: mosquitoes; horseflies and deer 
flies, which not only attack animals but which even pursue auto mo¬ 
biles for miles; robber flies, which catch their insect prey on the 
wing; flower flics, which feed on nectar and polliin; pfifasirui tneUitm 
flics, which lay their eggs on living inserts; and carrion-eaf ing flesh 
flies. 

aiOSHlUITOEft, 

Ai'dft jiiger, the most common mosquito in the vklnily fjf the park 
is congeneric with llic yellow-fever mosquito cfilopm), but 

it has never been known to communicate a malignant dise:use. Its 
bite, though paiiifnl, is not nearly so severe as tlmt of certain other 
species, and is not followed by unpleasant consffiquences. Volatile 
arenutic oils rubbed on the face, lujuk, and otlu-r exposed parts yield 
temporary protection from tlieir attacks, and campers resort to the 
use of Bjuudgea for smoking them out of their tents.* The writer has 
alrcadi' referred to the part pla 3 'ed by dragon flies in tbe destruction 
of incuiquLtoes. Their aqiiiitic hirvaj furnish food for young fishes. 
Some of the species undoubtedly deposit their egga in tho ivaler 
reservoirs of the epiptiiytlc Bromeliads already described. 

A (xipnlur account of the uioaquitocs of Florida was published bj' 
I>r. llinnn Byrd, of the Florida State Board of HeaUh, in the lledi- 
cal Kews, dune 10,1005. 

Among the mosquitoes from lloynl Palm State Park (kterndued 
by rioebtr Dyar arc ll yrowiym ttn/of'mjrta, 11’, f 'tilfx aimi- 

?M, C. peemtoTj ProropJtora povtwtthir, P. /fory/rniiiV, Aedft 
already meotionetl, rt* A. ffo/furiVoTM, Anophdes quadri- 

■macidattiVj and .-1. rrwcffliw. 


^ CvomtiK^ WAliitil HJmlj mf inpuvlM, Tth mL^ pi|^ ftOTHISdfl. lOOt. 

■tk* IlijifciLrtl, Lm 1‘- 1 ^- Dtrpaflififlnt tif „Iet. Funocn' Hull, 44J. lOlBt 
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For II eysleniatic Ircatiiicnt of the group llie readcf la refcrrotl to 
tho iiitiiiiimeiitrtl work of Howanlj I^ar, mid Kiiiib, “ lloiiogruph of 
the Mosniiitocs of Xortli and Cenlnil Anierita mid the West liidiea,” 
publislied by tbo Carnegie Institiilion of Wnsliington. 1912 to 101 T. 

JlOHSEFUES A^rt! [)£>:& 

IVliile ait ting on the lodge Teranda our attjention was frefiiieiitlj' 
attracted by |Ktaaing tennui, the horses of which ’si-ere attciuleil by 
hoys whose liusiness it was to protect them from the attacks of 
insects; from mosquitoes, I at first thought, but fiom horsijtlies, I 
was tohl by Air. Alosicr, Tliese flics arc very annoying in sou them 
Flortthi, not only to horses and other anlnmls but to hunmn licings 
as well. The largest of them Jill, a luagnifiocnt Gmcnitd-e3*cd insect, 
called by the Seminole Indians chUloc-o-itimo, is TithftnUA timrricannx 
(pi. fig. 3) . tlie int<'r(? 3 ring nupihil iliglit of wlikh bua been re¬ 
cent I v dc^rribed by Mr* Xhoiniis K* j^nyder^ of the OfliiM! of I'orc^ 
Entonjylopy^ United Stntes Dctrartiiient of Agrlcnltuii?.'^ 

AuiLipg the Ollier horseflies collected on PiimcliHe Key by Mr. 
Snyder ^-ere Tahmtm Walker (pL fig". 2), i^\e!ano- 

\Vjcd„ and 7", Fabr. ifr. Snyder found 1\ tripmeim 

very coiiiuion from Hob^ Sound to Parudi^ Kej% often flying after 
autoinohiles and railway trains; so annoying ia it to painters ami 
oilier workmen that they have to prolcct theuisclves from it by 
means of piirtuble smiidgsK. Of T, he says tbat it is s«rh a 

prsit in some localities that horses and mules hav^o to bo pmtectini 
from it by gunny sacking with holes cut for iho eye^ii. Thus gro¬ 
tesquely chithed they suggest the mounts of the Ku-Klus ldsin.p 
Aiucmg tlio deer flu=Mj belonging to the genus Chrysop'^ much smaller 
and more brightly cidored than the horseflies, but equally blood- 
thirsty, were two species, CknjB&ps (pi. 53, fig. 0) and Chry- 

ikopsi both of which ato pretty wtikly distributed in flip 

eas-tern I’uiled States. Their pi^jdaeioiis lurviE, Uka those of Ta- 
baiius, live in water, m nmd, or under stones, and fec^l tipon water 
snails and softdKHlied insects. 

mum Fao>t rMtADis£ kev. 

The soldier fly, i7Itk?enjj show n on phderi3, figure 9, lays 

its eggs in decaying organic mailer. J^JIlong the Syrpbldaej or flower 
flies, are the little Octppioinuis fmHpenms (pL 53, fig* IK Erhtalm 
^ pL 53a ^if and J/ero/?w3fcrujt acutu$^ 

These insects, cnllcd ^hover flies" by the English, fmm ihoir habit 
of hovering over flowersi feeil on nectar and ptjlkn. The hirvce 

^ Srfe ItnjFilc^r. Ttaatnai E.^. Notre oil hufwdLni t* A lu nuulhrrii I'lurld^ t-ila-r 

tc>T3kfi1uIl4Al 4r WuMh,, m ; ItUO. 
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of some of tLe ^^pec^e 5 luive a long, cAudul uppenilrtge ami are Uence 
ealle<l “mt-tailed maggoty” One [>eculiar larva collectcNl by Mr. 
Mosieri the park Tivar^lenn. was referred to the genus MimxloQ by 
Mi% C. Greene, who says that it differs from all allied lame in 
tho collections of the Museum in the peculiar form of its spiradcG* 

The wasplike Midas fly, .Vydm clAvatm (ph 5Sj fig* 5), which has 
a golden band across its abdomeOf takes its generic naiiKS from the 
ITirygian king Midas, oonceming whom the legend relates that 
everything h© touched w^as trunsfomied to gold. Like the robljor 
tlie.H (A--^ilidae) it. catches and devours other flying insects* Tta larva 
is al^ carnivorous, subsisting mainly on the grubs of beetles* 
Art?hyfi£s (pU 53* fig. S) ia a stout taebina fly, somewhat 

resembling a bluebottlO| but with a glossy brown body set with Hhort 
stiff hairs. It lays its eggs oti living insects, principally on caterpil¬ 
lars. of all may be mentioned the terrible little screw’-worm liy, 

Chry^ 0 TJiyia (pL 53, fig. 7), with a re^ihlish brow'n face^ a 

steel bine thonix^ and a short, broad, bhick abdomen, which lays its 
eggs in wounds, or in the nostrils of living aiiln^ats. It has even 
la>en known to deposit its eggs in the nostrils of human licin^ sleep¬ 
ing out of doors, but this is a rare oenurrenoe* Tlio eggs soon hatch, 
and the larvar, called “ screw wonns,” cat away tlie flc>:h of the toner 
no 5 e and pharyns, causing bite ns© pain and sometimes death, Tlik 
little fly causes little trouble in the Southeastern States, but in the 
Southwest it is u serious p^r infesting cattle, hogs, and other 
domestic aniiiiids* Some limes it lays its eggs in th© navels of 
new 'bom cal ves.* 

The Everglade fehes in the viemity of Royal Palm State Pork 
have never been systematically collected* The highway from the 
pork to Cape Ssble now under const met ion has a can a I bordering 
it, formed by the reniova! of materiol for the roadbed. Tlie digging 
is tieeomplished by a dredge^ the parts of which were braught from 
MiHtni on trucks and assembled in the canal. This eanul is already 
well stocked with fishes which can be oasily observed from the road. 
The fish fauna should be studied before the CEinal reaches the ocean; 
for many niarinr fishes will undoubtedly make their way up the 
canal find will dKitroy existing conditions, which nmy po^iblv lead 
to the destruction of some of the ejcisling species. Among them are 
the nlligator gar and inudfL^h, allied to the ancient gonoid;!^; a bull- 
liead 43 atfi-sh: three or four minnows, or shinrrfs {Cyprinidne); mro 
Everglade killifisbes, fiomo of which bring forth their young alive; 
sunfishes, or so-called broiuns.; and the widely difttribiitcd, hig-moiith 
bass, nr ^ trout.^ 


« UuU., a MT. u. n. D*pL Atr., I&IT. 
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THj: AlA-lDATCtK OAH. i,i;rliMWTrDt+ mtfTTOEOtnS. 

This Ls H voracitHis fL-Ii ranarkuble for its iinnor plating of enam- 
ekd rhomlioiil scales. Tiio uccompunying illustratioti (%. 2G) was 
made fi-oiii a field fiketch by Master Stewart lA^vuland. of Home¬ 
stead, of tt sijccimen 25 inches long, weigliing 3 {munds, speared by 
him near Paradise Key, This species sometiiuca reaches cnornKHis 
dimension!^ specimen in the Slate Miisi'um at Springfield, Illi¬ 
nois, is T feet 2 inches long. It is widely ditflribnted in elreams flow¬ 
ing into Ihe (Julf of Mexico, and also occurs In the fresh waters of 
Cuba. Many stories Iiav;e been told of its femciotis nature and un¬ 
canny liabits; it takes the place of the prcdiiciotis aliarka in the fresh 
watei-H of oiir cantitry. Although it docs not rank high as a fcaxl fish, 
it is fiohl III the markets of Tampico, Mexico, luid other (iiilf ports. 
The faniily to whicli the alligator gar ladongs tLcpifiostcidae) ia 
essentially Ameriran, like the mudfish (Amia) to be described bo- 
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low. Fossil specie® of the genus, however, are found in the Enecno 
of Europe as well as in that of America, 

THE smonaif, oa Doomut, amia cai.va. 

TIds s]>ecies is found in swamps, iakeSj mid rivers bordering the 
Gulf of Alexioo, extending up the Miasi-ssippi and its tributaries os 
far north as the Great Lake region. It is csiiecially obiuidaiit in 
swamps and sluggish WLiters abounding in nqiiatic vegetation, prefer¬ 
ring ralhrr shallow water, and feeding principally at night. Gamy 
and voracious, it la ** one of the hardest fighters that ever took the 
htKik.’^ It frequently comes to the surface to breathe, especially in 
stagnant water; and can be kept in a min barrel for a long time 
without change of water. It is said to survive periods of drought 
by burying itself in the mud. The male builds the next and guards 
it after the eg^ are laid; he is n gtaal father, even atxmmpanying 
and protecting the schools of young after they lejivc tlic nest. It i® 
not highly esteemed for food, but is often eiUen in the Sooth, Tho 
inmlfish is chiefiy interesting on account of its close resemblance 
to ancient ty|)cs uf ganuid fishes, It is the only surviving relative 




412 ASXUAU REPORT SAflTUSONlAJf TKSTITUTTOX, IMl, 

of a onc« lurgc family rv])rcsvnte<l by numerous fossils from the 
Jurassic of Fninco uJtd Buvuria and tim Eui.'ene of Europe and 
North America. 


orriEB FISHES or •rmc in'EBfli.Aa&Fk 

Ttic Catfish caught in the slough near Pamdiso Key is in nil prob¬ 
ability AwHvTti9 n species which has bwn collected in 

[jittle River, a short, distance north of Minjni. Among the Ci'piin- 
idoe are the golden sinner, Altpoiivi^ rofttHy n tiny aiwciea, only 2| 
inches long when fully giown, which tubes its nniiie from the rosy 
color of t lie fins, iris, and snout of tlie riiuk. Among the ki Hi fishes 
(Poeciliidae) of southern Florida, wliicb are to be expected from the 
vidnity of Royal Palm State Park, are several s[>ecies of Funcliiliis, 
some of which do not exceed 2 incites in length when fully grown; 
the viviimrous “top minnow,” Gatninma Bjjftiis, which lives iiioatly 
on eurface inaecte; the “Icnst fish,” Ihtemndrla farmory abundant 
in swamps and ditches near Miami and Little River, the niliilt female 
of which is only an inch long, and the male thrce-quarlers of an inch; 
Jordamlta f&ridm, also oommon in the swamps of Florida; and 
ix>rhai>5 MoUienhi<t Migipinna^ the male of which is remarkable for 
his hntideomc dorsal fin. Among the aunfiahes (Oentrarchidae) 
whicfi terlninly cawor in the Royal Palm State Park, aro the so- 
called blue bream, or bluegill, Leponug intdior {Lfpomut pallidm 
Jordan), and Lepomtg hoTbrooki (eupomidia baThmoki Jonl, and 
Kverm.), A beautiful illustration in colors of the former is pub¬ 
lished in the Fishes of North Carolina, by Dr. Hugh M. Smith, 
Fnited Stales CoriuiiiBsiotier of FiKhcries, who pays it the following 
tribute: 

ThU Is the Uirifc^J: niul finest of the simhsihei.. It nltAlTtn n lenf^li iif 12 to 
14 liJcljtf* unW II weiehl of h ikpuiuI nnU u hnlf* mul svXwn ^iill is 4 

lUUKTilfic-Vtit An tk eailrf^ iLlul fEKKl flsl) U gULtulI^ hljlh. * * m 

llnti liiiir for many l>w>ii tilled tHir/Mujc In Uie hellof tnjit Mitch Ill's 

irniEbP of pamdtit lipciLlod to It* hut a. clofii- OKiimlnudoTi of MUchlU's 

ik^riptiou ^hovt^ tliEtt It eoukl not hnv^? Ijeen for tliin ^< 4 : 11 ^ uBti 

rurtluTinuru lh.il bliie^m is unkncivm ki ttie loctfUry from wifi eh the pf 
tmtHifU* mtaiL The Lnrllcat available Jmuj# hi irn^U<fr of Curkr uud Yrtlsa 
i4enTW3.* 

Drawings of both LrpomiA anil were maile fur 

ibe writer by Msisttr Stewart LovelanU of Iloni^toiidj who ciiugbt 
tbein iu the sJough near ParudLse Key. 

ISIO-SIOETTHED tiAS^ OH TUQDT. 

Tills sporics^ known scientifieHlly m Mlnfrttpterfm the 

largest ft ml moht inipiirtant of the freah-wnter basses^ ami is n fine 


^ Sw Ncirtb CunillEia t".rwJ4|Fl'C«J lad KrUii&iuli! Hnrvtj^ voi 2^ p. pi jj. IB 07 . 
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food nnd gsme fislu According to Dr* Hugh M* Smithy who figures 
it ill the work aboYo €ite<l— 

It liiliiibltii more sJuiiiniali ami warmef wnters titan tbe ap^as, nnil 

thrlyt^ uulIlt cjoty Yxtrpmu c-oiulltlntiw Of eiiYlPtmtTipiit iiihI t<^injw.‘rnttjre!. 
■ * ■ It wicliw Its nnixlntam Tn^iKtil in whtJtie oxftnipi<?s wpSgli' 

ioif as much os 2I> to pouoiSs hoTe been token In Inkei;. 

After deseribiitg Lis nesting habifs niul the solicilntis enre of the 
newlj lintrlit'd young l»y the jiarents, Dtiolor Smith continues: 

Ttio foTHl of the yoitni^ it^h eniisljitA of minute aiittimts—miMacen, la^sects^ 
etc. At n early petbsl, tinufpvi»t„ they hefrfn to prey on their wnflUer 

hroLhers, nnil tlil?i cmimllialbqii rtmiIiniiT« ufter IIwt ls‘<i>iine inlults^ Tlae InrEer 
Uwh an* very vtiniclnuH nml ninn-i'sulvi.'! liiklne all klniLi of Qsli ob well 

as hniall laiiLimuiil^ froi:^ aniikeis a'Driiu^, iuseets, uml also vaEuta1>^o 

uwitrer,^ 

AND TOAtxS. 

In the forest of ramcli^e Key two little tree frogs nbouml; nnrl the 
neighboring sloughn jvnd miit^hes iin?i inhtibtiefl by n beautiful, 
spotted leopard frog ntid a green Ijullfntg. 

mm mxis, 

Wliile sitting on the screened veranda of the perk lodge, besieged 
by cdoiuls of mosjnitoes, the attention of the Writer was nttracted 
by ji Diunber of diminutive trees frogs$^ some of 
them grccRs others brownLdi, on tlie outside of 
ihe eopi^er-wlre gsiiiKC. One of the ^mallest^ 
wlifjse body was sen reel y bigger than a cliine^ 
made a sudden spring and caught a mosquito. 

Again^ the bright sky bis little laxly was ab -rBii raou 

m^J^^t diiiphanou.s and « dark speck ctmld be pgiireuop wnica 

seen in bis stomach; it wiis the iiKiSMpiito he had iHcufEu^T wa*. 

just swallowed. After another EUccei?sful catch om?f huitle* m 

tlien? were two speebf, ami continuing bis good ^ 
work the little creature srxm had his Gtomach 
coRiforiiibly full* Then he folded his little arms close to ht^ body 
and went to sleep. Closer exiunination showed lliat there were two 
species of tlu^ little frogSj the second distbiguislied from the one 
first noticed by lateral met nil ic bands. AlcolioHc specimens were 
idcntiHed by Dr* Tjcimhard Stejneger a;# II^ta tquirrela (fig. 2T) and 
/7y2a rinerrOj rei^pcctively, * 

In the woods these liltlo creatures were commonly seen clinging to 
leaves from which they could scarcely l>e distinguished^ and at 
Homestead, wdiile awaiting transpotl at ion to the park* the writer 



^ Ik4! h CftroUna Ocolsfci»I bjuI f:^D£mjike Surwy^ woL 2. p, ^47. 
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ncliceJ a number of llieru on flowering Daliim, in a f\innDl‘sbnpt!:d 
i-orolla of whicK one of them had establLshed itself as a desirable sta¬ 
tion for securing his hisect fcnxL 

MARSH FROGS. 

The leopard frog of Royal Palm State Park, R/tna ^pheiwa^phaJn 
Cope, regarded by Doctor Stejneger as a variety of our well-known 
Rtimi plpu^ivt^ is lK*aiitifully figured by Miss Dickerson in her Frog 
l?ook. To this species llig$ Dieker^n pays the following tribnte: 

Tim Rdiitliem leonurcl frng fH?rhapfl the moftl beautiful frisp> tp Nurth 
Aiudrlon. It liiiu nEiL the delicate nmipsit l>E>aut>' uf tbu wo<wl hut U hsiB 

(U^tlnttllun of ftmis, rli-hucHfl pf and liitrleat.'y &f t^vlur [Mitlpnifi, It bus 

1101+ like tJic wiMitl fnog^ fin indlitutla}; uentlenesa and In- 

a criuttuh' alert and AvlhL tiower? of nctlvllF, 

Jr in tlu? tiEiuHuallj larKP vy«i ntul In th-u uttenlJvi^ of ihe Plcnder 
bo^fy* • * * The male. lioa liir^ia vocal poiieliei^ ono 

Ht each alde+ ubavu thv. iitul Tbc^ fro^ are wild aad active. They Icnii 
lopu ilbluiicc^ and u^e ilimeult to catch. The Frpcclea la evidently a y^ry dlstlnet 
onp, not Inturimnlluj? w|ih pipipnw, hut huliltn;; Its nwu with the latter 

fro^ Ui the Hamie liKaibtlea In the ^utlmm |Jart uf the Ualteil States.^ 

Tlje Florulii biillfrog+ Rma {pylio Stejnegerj is also described and 
figttred by iliss Dickerson, who designates it as *^a beautiful frog, 
very retiring and thoroughly aciuatic in habiU^’ It Is usiinlly of ii 
vivid metallic green on the head and shoniders and olive on the pos¬ 
terior pfirtion of its body, with a pointed head* bulging eyes, the 
pars of the male rernarkiiblj large and conspicuous, sphert>id in 
shape, and of an orange-bi-own color with a green center, and tlto 
tliroat a bright yellow. It is probably this species whicli is common 
in the slough near Paradise Key^ living among tbo dense aquatic 
V4!getatiou among which It seeks refuge wdica disturbed, Mi^ Dick¬ 
erson compares the sounds which it produces to *^the grrmting of a 
herd of pigs?/^ tlnis differing from the familiar btii^ notes of the 
common bullfrog.® 

nErTii.ER. 


TURTLER, 

Among Hic turtles of Royal Palm State Park \s n large terrestrial 
box tortoise, a living specimen of which was received from the park 
wunlen. This was determined as Terrapeiif nui/or {Ci*t%tdo major 
Agassis), by Dr. I^mnhard Stujneger, of the 0tiititd States National 
to whom the writer is indebted for much inforntation re¬ 
garding the Luitrachiftns and reptiles of the region here considereiL 


i S» ridn^’Mtm^ Mftrjr c, Th# Ptag Ung*^ pp. ]R4^1g$.. 
■ tKiiffcfTHHL, op. dt, 33d to asia, pin, b,7 bwI aa 
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An ntjiiutic Lurtlc* colIccrle4 bj Hr. Arthur IL lIu’Aelh provwl to 

belonging to tlic grotip of river tuilles. In 
Aildition to thcflc Mr. Hosier reports the following speeie^ from the" 
park: A snappmg tiirtlcj a soft-sbellccl or Icather-biieked turtle^ a 
small water turtle w-ith conspicuous reti markings beneath^ and a 
iargCt hard-shellotl, water lurtle, whitih is very good to ent The 
well-know n gopher of Florida^ (rppheru^ pol^phtmwt, pij ooniinon on 
jHind dunes neur the coast, does not occur in the park, 

Arj;»IOATfia& 

AW{^^toT mhsfssippkmh is not mneommon in the slough nt the 
eastern ontmiir^e to the park. During the writer^s visit its bellowing 
ooulil tic d inti net ly lietird from the lodge, especially in the early 
moniing* Tix^ huge unimals are not at all dangerous, but will 
1](* at the sight of a man and will not show fight unless bmughl to 
bujp Young alligEitors feed mostly on fm^ and insecrts; the 

older ones iilst> catch waterfowl and unwary" mfuumals winch come 
within reacli. They drown their prey hy bolding it under water, 
but in order to swallow it they must toUe their head alasvc the sur¬ 
face. Alligatnrs^ w'hich are about as large ns those of a hen, 
but oblong in shai>c, are eaten in many parts of tlio South. They arc 
nutritious and are jis go«M| as turtles* cgg& The young when iiatched 
arc about 8 inches long. ITiough they do not appear to llirive in 
coptivity when brought north, they develop rapidly in their native 
surroundings* 

In addition to the alligator there is a true crocodile in southern 
Florida, but it does not occur near the park. This ununaL cidlefl liy 
zoologists Ciwo^litm is closely related to f?. wulffftrtit, llte 

man-eating crocodile of A frica which was xvorshipiwd by the ancient 
Egyptians and bKik part in their religious pageants and processions* 
It is easily distinguished from the alligator hy its narrower bead 
rtml pointed snout. Speeimens 11 or 12 feet long are not rare, and it 
sometimes reaches the length of 14 feet Its range emends fmm 
I^ke Worth to Cape Sable. South of the United States it ranges 
from central M«ieo to Kcuador and the West Indies. Though 
showing vicious propensities in captivity it is naturally timid in its 
wild iJtate. 

The HljrTit of n rtillU vriW acntl a iS-foot ppwlmeo ni»liltii; from ttn hA^tklnj: 
liljirt* f[?r the wrtter, iitiil ii iiinii imy Fren Uatlie w'Jtti naft+ty ifj rivors frequeutcil 
liy Uie fliK?clee/ 

LIZAHD(fl^ 

Sharply coutrsj^ted with the giant saurian of the swamps are the 
little terrestial lizards commonly called sldnks and ehameteons. The 


> fhNH Dltnuni, R U, Tlw' E^^ptlls Bw*, pp- IflOf. 
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I'" I or! da skink, l*Ustiod6}i egn'^hi«, is only or -I inch«s when fully 
grown. Ita body is cylindrical and slender, nlmne^t wonnlike, with 
Kuinll, weak limlis. It ia of an olive or reddish brown color with four, 
ef|nidistnnt, longitudinal siripea margined with ohseiire doited lines. 

The fio-cullGd chameleon, Anollg caroliAensis^ takes its common 
namo fnoin ita changing color. It ia not relntcil U) the inic 
chatneletms of tiie Old World so often celebi'ated in fabuloiia stories, 
but belongs to the iguana family and beni's a superiiciul n'seml>larice 
to u miuintiire alligator. Specimens of tliis little animal were seen 
oil tliB scrcciicd ^'crunda of tbe park lodge running about with easo 
iitam tho vertical walls and even on the oeiJiiig, to wldcb It udliered 
by means of its peculiar, padded toes, while it w'as busily engaged in 
catebing Ji]ns<[uit<ies and .oUier inaeota- In its babits it rtimiiuhkl ihc 
writer of tlie geckos so conitoon in dwellings on the island of t initni. 
ilr. Snyder states that, they jiro very acti vo in the wfanls wdien I tie 
termites swarm, devouring Uicun in grvat quantities. Standiines it 
ossunas a dail, brown eolor, at other tiiiKB ti vivid green. The males 
liavc a tlu-oat pouch which they inllate, while uttering a peculiar 
sound very much like that of a baby alligator, and tliey have a way 
of maiding iheir lieml that is odd and comical. Unlike the littki 
tree froga fretiuenluig the veranda, these little animals were very 
timid, and fiiiickly escapctl when attempts were niado bo capLuro 
thf'm* 

SNAltE-Sp 

Among the hartrili^ss snetkes af the. park are- two garter snakea; 
ThaMwphis drtaiin, with three, yellow, loiigitudinul stripes and Uio 
more slender Thamfiophits mchenl, with two, long, tuterai stripes and 
the beginning of a ahort median stripe on the back of the neck, 
lloth of Eliosc specie are semiuquatic, subsisting upon frogs and 
fi-sLes as well as earthworms aiu] tends; and they bring forth their 
young alive. Two water snakes are found in iho sloughs and pools 
of the Everglades: the ‘^spoUed belly” Natrtx fmciaia, sometimes 
erroneously called a moccasin, but easily distuiguiahed from the 
poisonous water moccasin by its ycllowisli white alalomen spotted 
with bright red blotches and clouded spots of black and gray; and 
the so-called green w ater snake, Nutrhti oyefopibn, with an um.potteJ, 
yellowish ulaloiiien and yellow lips. Both of these species are harm¬ 
less, but they simiilnte poisonous species by llatteniiig tlicmselrcs out 
and assuming a threatening attitude when cornered. 

Among tbc rnct»ra or black snakes is the well-known gopher snake. 
Drymarchom f&rtdt amperi, a variety of the large tropical American 
If. corm>, sometimes 8 or 10 fret long, with a highly polislic^l, blue- 
black liody, which has given it the name of indigo snake in certain 
lucalitica. It has a gentle disposition jind often lives aljoiit houseu 
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in a ^^ubslLSling priiicijjiiLly on rats uiid Jiik-s^. 

Children .wtuetimes pick it np^ und it aeemsj tn enjoy being pctteJiL 
A fhie^ large specimen of tliis sneke greeted, llie writer at the dnor 
of the lodge, when ho alighted froni Uie autoranbik which conveyed 
liifji to the park- The park warden giivo a vivid description of the 
mating of a pair^ in w^hich both the male and female strutted in 
front of each other, as though tiying to show off to the best ad¬ 
vantage, Closely allied to this species is the black raccr^ Coluber 
which docs noL kill iUs prey by stjuecdng^ as ooiiunonly 
bt^lieved, but is a constrictor only in name. Both of those snakes ai^e 
ovipurnn^irt the shell of tlie egg of the iaitter being white and tough and 
sprinkled with grains mumbling coarse salL Both species have llie 
reputation of char tiling birds and small rodents, but this powder b 
i|U]ie imaginary. The two siwcies iiro easily distingiiislied, Uib 
gopher snake by its glossy bixly and reddish brown throat, chin, and 
upper lip platef^ and the black racer by its dull slaty luster am! 
milky white throat itndchm^ The closely allied ocwichwhip^ or whip 
snalte. Coluber differs from the two ]u\?eeiliiig sjjecies in 

huving i\ nasty, irritable disposition, anil will not siibiuit to being 
handled. bocly is slender, of a black or brown color above, be¬ 
coming lighter toward the toil, And the under s^urface while, wdth the 
plates of the tliroat clouded along the edges. It is very swift, often 
climbing trees in quest of eggs and young birds, but it can nnt b« 
callwl nrboreaL^ 

The green tree snake. Or maj^^olia snake. Opkeodrff^ i^sfhms (Cy- 
elophijt at:stwu^\)i is ii gentle creature of a utiiform Icaf-giwii nl>t>vD 
iind bright yellow I>cfiealh. It lives among the branches of bushr?^ 
jiiul low tr’ces, fetnling upon graSihopperg, cricket a, the larvce i>f 
inscebf, aiid, according to Hr. Hosier, on sniall trc« tufids. In dc- 
fieri hi ng the vegjetntion of southern Florida hammocks, Dr* ^inall 
refers to thiB species as follows r 

air phinlA. nm! fensp »>nip| 4 ^te|y cltUhc the llmlri ef tlie Innjer ireeiL 
ITawaver^ plnnt?^ ilo not liave a mowiiioL^ of tlie trees. Tlion? njru oltw eokkyth? 
Ihmnkji oial cpiphjtte iniakeB, There Is evcfifwhere pcvKcnt le benutlCiit erven 
irnnke. It Inhabits Uie Imiimiacks onrl It Is iispecInU^' iibundant Ln thosi^ of the 
l^i'CTglitth^ It ^p^n^tfetche^i na tho hninchcH of Hhrulis ami triM?M and Alhlf's 
olun^ lh& bra avia's from one tree to nhother wHb surprlalnj? emse. One has 
tl^uaUv to ItC careful to look beforD Inybiin of the limb of a tree for suj^ 
portp or bo may grasp Eioiiaethtnpr af quite dltferent confllateiiey ftoia that nf 
vrotwS, Oik? why XhLn little creatTire Is m maeh ikt e:tse omoa^ fihnrhhery 

ht the pc-L>ulJar nE^tere at Its ncftlos, oieh c»f whlrh In rbatlrivtly keeh^}, jb\ that 
the KfiDeral sarfnee of the body U rotl^heneii iinil Uhpm able to Iwlil on taur^ 
ttn.tjrcly tni the Iknoichcfi rIuilc which it ulhles. 


^ Bm Olrmari, R. L.* Ttic Hr|>Ule B«A, pp. SSfr-2ST, 1M7^ 
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nu rurr ft warn, Urfcrottoa coniartrir {H. t^^iiiyrhkitiM), 

Concerning this sjTwitHs, whicli he kept in oaplivity, Dr, Ilifain 
Byrd writes as follows: 

Auintijj the tauikeii of mj- pit the putt adder nets the pni-t of ctewti. He Is nil 
hlug. If you ctam uikhi him iflnlilenly he atirends hl« liood Lllte u cobm, nnd 
ttUw Le friphtiju >e« with hhi IdoIw, Fnllloi*. be blows like n rnttlesnhlee li 
ym aro siIU atirlauulnl. he takes to flIjrliL Tf you ilo not periolt that, and W 
r«d to t«mt httn, be then resorte to muwiiftnpe, which is to turn over on his 
hack nnd, i»r*<uinUke, piny denil. He will ewer try to ereefi awiiy im hie hnek 
I mn't Inmtflne tlie rnttlttfltuke nswclfttintt with ibe puff niltler on tertns of 

sikTltt] 

This sfiiikt! is easily rewj|?ni!!t«l by its lumtMj-iip noso siml ils itiot- 
tlcfl brown body, 

THB ootTOssioLwu. Oft w ATKB KOcvoKin, .tncferrMfon jderlcwrtri, 


This species, so much lircjultKl \>y travelers in tbo EvopglndcSj is 
eln^ly iilMetl to onr copperhead, Aludtfroffnti. moi'oJten. (J. <^tor- 
/ri>), vvhicb is sometitncs calliH] Hie highland itioccu^sin. The top of 
its LeacJ k very dark, nsimljy black, ihc chin and Jotver lips yellow 
with three dark hars on the lip plates on each side of the month, and 
the abdomen is yellow bbteheci with dark brnwii or black, while the 
under portion of the tail is black. This colomtion of the id«lomen 
serves to distinguish it from its hamiiess nssociut®, with which it is 
i^nietiJiics confused, A'airij- fageiata, which lias a yellowish white ab¬ 
domen spottetl with red and black; and Nafr>J! cyc/opfon, w hich has a 
uiiiforjii yellowish ubdoraeti. When surprised it has the habit of 
oticniiig Its jaws widely. diseJosing its white mouth park, from which 
It takes da name of cotlonmoiith. In addition to fisii, frogs, and 
other snakes, it feeds.i![}on birds and small animals. It brinca forth 
tlR young alive, usually seven to twelve. 


BATTLIaHilTAK^ 


The pii^y rattlesnake, or ground rattier, miiv 

1-e recogniziMl at once by its enioll sin and tnitiute rattle. The adults 
warcely reach a length of 18 indies. Their warning rattle is so faint 
lat It heanl from file distance of only a few feet. The dia- 

mombhack, (. rot<du» lulammittut, b the largest of all the rattlesnakes 
reaching a leu^l, of O to 8 feet. It is rec-ogn1™d at once bv 
ds rattle and da broad, flat bead and distinctly namiwed n«b. ft 
IS of an obve or grayish color with a longitudinal chain of 
lar^ diamombshaped latches outlined with bright yellow. With ib 
long fanp and large poison glands it may be ragnrded a.s one of the 

mnst deadly poisonous snake s in the worR Doctor Bynl has made 

‘Bral, Ulr.n>, L»tt.r wOte M lA, mi. - - 
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some obsen Jiilotia on the life lii>tory of tJie 

from Hitir oarliest fftiigca to jliRturitj. lie wats bitten on the Snger 
by fl sipeeijueti fjAVB old while trying to feed it* He stopped cir- 
culfttion invoked lately hy the iij?e of ati improvised totirniqiiets nnd 
tUougli experiencing certain odd sensations of chilUncsSj escapetl ae- 
rioufi injtiry- UrQjke the solicitous mudfishes and bosses of the 
neighboring Everglade, who proti^j:l. their young for some time after 
tliey are imt<rbecl^ raitle^snakes let their little ones shift for them,selves 
na soon as they cchtue into the world. Dr* llyrd ootild discover no 
evidencie of parental affw^tion among them | yet in adminition of their 
iniiiite dignity, eouragej and their disdain to strike without warning, 
ho composed an ode in their lionor^ which ends with the follow ing 
staiiscas^ 

Vet all Itiy virtuew wretst ffom irinn fio la^s^ 

Wbe cf war and lo^e, ef him anJ Ih^o, 

Anil e'en of m«ty tpiwh lJut imt of rhee. 

To thee tic yields hut bate or fenr, not t^ratae, 

, ludKTereJii thoti |o ImtmLi. fwir, or svnaiir, 

Conteol In JanRlc ilrenf »eelc thy filial 
Ainl luakii thy limiip cirwj latiiieh thy noal brnoil 
In Roll to —1 jfrodjo^ thw tod a 

niTtD8, 

The bird fa^ma of sonUirm Florida is e^tpecially rich, tn^t only on 
acooimt of tli^- mild climate^ favoralde to many subtropical sjjcciesr but 
:lIso bccatjsfi Florid II is a higliwny for migTntt>ry specitej \sliu h speml 
their winters in the ^Vest Indirs, Mrs. Kirk Munroej preiddent of 
the Cocoaniit Gixjve Audubon Societyt and MrsL llimni llyrci, who 
resides at Trinceton, not far from Panidige Key, have intcrestcil 
thenisclves in uliserv'ingthc bin:lsof this vicinity niui tnakiiig a census 
of its bird fauna* It is iDtpossible within the scope of thh paper to 
give a dctuil^d eecotiut of the hirds. but the reader’s attention is 
ralletl to aome of the most intci^^ling*^ Since the writer's visit syu- 
tematic studies of tbeb*i*ds and mammals of the park liave been mado 
by Mr. A, H. Howclh of the Umted States Biological Survey, wlio 
visiteii the region tw ice during the year 1&18. 11 lo results of bis 
ill vcstigtitions will be published later by the Survey, 

Ill southern Florida many well-known binis, as well as tnammals. 
are reprcsent^tl by varieties or siibsj>€c;i04 cpiito distinct from tlio 
typical fornu^ uc{;urriug farther north. In some cases the diffei^nce^i 
lire ia the relative proportion!? of certuin parts; in otliers it may be 
in the coif >r at ion of one or Ixith of the sescs. Thus we have a Florida 

1 [ilDJtrMtli:>nn. ^»^rtptipTift *0U KclpaUftf nEis.« aiAqy cif itw blrUi Ihji^ 

W\Vi Umm% in Ih? BiUnlTEblo Ilia* poeX^-t bird pUdci *[ CbiPi1»r JL Herd, pablNIjetl by 
Doubl^iy, ft Cq, 
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(|I1JU1^ t'loridii cixjw, J’loriilii wn-ji, ami tlitj Florida ciinjiniil> all of 
w-liicb arc rsstntially FloridinD, and tlie Florida wild turkeyj which 
is farit disappearing. Other forma called Floridiun, hecaueo they 
were first described from Florida, but which have a wider geographi¬ 
cal range, are the Floriila galUnulc, aevcml Florida hawks, the 
Florida scTMcli owl and barred owl, and the Florida blue jay. One of 
(he most ^autJful birds, a tropical species now fast disappearing 
^ni Florida and occurring nowhero else in tlia United States Bicept 
in Texas, Is the roseate spoonbill. 

Of this species, known scientifically os Ajuta ajsja (pi. 54) Mrs, 
Kirk Munroo has written s most charming description, which the 
writer hoped to embody in the present paper, but which, on account 
of Uuvited E|)nce, con not be here presented in full. 


Once the iweate spnonbUI inhabtt&J the neichberhood of I'artullse Key in 
jjrwit UdcJIc^ liut it in becuiulnir rarer nnd nu-ifc, * * ■ xin-v arc 

iilrd*. fthvajH tnnetlDe and iwatlnif In conmiunttleft Tlte n«sb<. unmilly hunt 
anion p plciurfsiiue niimgnivc hninctiea, I wit lllte a pile of ruhtiish, tw.vpt In 
the very retUcr. when- three or four whltiKh, bTown,Rr'"(t«l epj-? nre pince^J 
lituiKf lipoonblllg are with sroivy dnftx while they are nt-itlTiiptL Tn 

Jredlnfi they jnifh their hUI, In.ieetl tha entire head, down Uie imrent * ftiro^u 
BR fnr [IS iHwalble (n uecure cech grtiedy uttle IlMlirllhK inltlnp lii; tnm. 
The Br«(,i.hlll Jh aonu-tlTnes call«J the nherelw on account of the i»cutlitr 
of its beaic, whleb It usis with wonderful Btlll In catching aqiinUe Insasds and 
tniHtinciins (d iJn- tiiuti ulotip ihe wnter'a edf^-. (JuiiiitUleA tpf (t.H In-iiutiriil 
ft-iithrrs oro i^ld to tonrlstK n few years njjn, la rertnin luenlitte! 
ejcplerjnp naturalists (reme npun irreot piles nf carenifses fnini whidi the t»eau- 
tiful wJnys tiidrj been tom. Ko wrmdcr tlijit this unforfunnle bird, wlmac tonu- 
(Jfiil plimisKo like that.If the [-prrt has lacn lls curw, Inis lieontin almost esllort 
In I'lurlda, Thnnks to iho lallncnce of the ArnlulKin etfs letEiis, the feiitliurs nf 
tiikl htnld are iMsclnlnp mure and rneno iiuffislilunaWe. anil It. Ie hepod that the 
roflL'Ute «poaub|U rriny thtiEs rficfiim tstf^rmlnaHoiL 


The white ibis, another hinl belcmging. like the spoonbill, to the 
heioii order, is (juito common in the vicinity gf Royal I’alm Wtnte 
I’urk, Tt is easily recognized by iu white bodv pluiimg(>, black- 
(ippwl wings, and Jecurved, ornnge-ml lieak, with which it is mosjfc 
adept in cxtrattuig crnwljjdi imd mjuiitic iiiisfcts from tlic mud of the 
uiansh^ To the same (drier also belong the Aiucrican bittern a 
brownish bin] with greenish-yellow legs^ the VTavd heron, sdatelv 
lady of the waters, witli aktc^ioloUcd back, mostlv white imdc’r 
parts, imd whitish crest; the little blue heron, not always blue, b«t 
«.inetimes pure white, iil^ oouuiion about Paradise Key: and the 
blacfc-crawned and the yellow-crowneil night herons, whose «dav 
begins after sun^t,” when they leave their roosts in the forests and 
fly fcjrth to feed in the iiiarshcs. 


\moug the diving binls are the pied-billed grebe, also known 


tho wjiil 


ns 


r , i» l)ird Risity recognizwl by its Inlied 

feot. The darter% aro represented by the uncanny water turkey, or 
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Gnuko bird {Anhingit ijnkhiga). quite common in trees near tlie 
^Oiigti of the pnrk. This binh like n submarine, dives with the 
g^rentest rase and pursues its prev beneath the surface of the water.* 
There is little open water to atlrael ducks, but the park warden has 
even' jear observed, in the vicinity of the park, a few bluc-wingetl 
teal, mailanl, and Florida ducks (Jnna the latter remain¬ 

ing tliroughout tlie entire year. 

Tho turkey mitiirc eoinmnnly seen sailing in the sky above Para¬ 
dise Itey is Cethiirh-Ji fflwfTti that ranges over North and South Amer¬ 
ica, culled TzopUotl iiy the ^Vsttccs ami ^aJlrnaso by Spanish Ameri¬ 
cans. SpeciitienE of it were caught bv 
Mr. A. H, ITowell in traps set on tJie 
maishes for raccoons, 

.^Vniong tlie birds of prey arc the 
Kvcrglude kite jarifiif- 

/is). which feeds ujJon the large 
marsh snail already described and k 
known locally as tlie annil hawk; the 
swallow-tailed kite {Elanoidc^ forji- 
eofua), with n deeply forked tail, 
white under parts and head and blu¬ 
ish bJack buck, a bird quite common 
near the park and ranging to Central 
and South jVmcrica; and the Missis¬ 
sippi kite 

The hawks include the mnrsh hawk, 
sharp-sJiinned hawk, red-tailed hawk 
Florida sparrow bowk, the c^rcy 
(fig, 3$), and the Florida red-shouF 
deml haw’k. Many ospreys {PaadioA 
hiliiietwi carolinetmk) were observed bv the writer flying over 
the Evei^lades between Paradise Key and Camp Jackson, occu- 
HonaJly darting dmvn into the flooded gragsy prairie and emerg- 
mg goorhsized fish In their talons. This species also occurs in 

l orto Rici^ where it frequents hiJth the coast and inland swampv 
lagtnms. On that island it is somctiiucs called (eagle) on ac- 

ratiiit of Its noble eagle-like appearance, A magnificent specimen 
of the handsome red-shouldered haw k {Buteo hmatia all^m) perched 

li^ituttlly on the limb of a tree in fmnt of the lodge during the 
™t of the writer to the park. From its station it pounced upon 
ite prey prmcipally insects, Hzarils, and frogs, in the clearing 
before the buildin g. Tt also catclics .^akes. The park warden 

u 'l^lhpT. PI flrd. « Port, HI™. 
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took this bird as an LlluEtration of thu conditions of life on Para- 
ilisc Kej% using the following parody on the well-known House- 
thiit-Jack-huiit. “TliLs is the hawk that caught the snake, that swal¬ 
lower! tl)e rat, that ate the fruity that fell from the palm, that grow 
from the seed tliat the bird dropped,” 

Among the swamp dwellers are the limpkin coci/crtw* *), 

an odd bird intermediate between the cranes and rails, with olive- 
brown plumage streaked with white; and the Carolina rail, or sora 
(f'fflrtsana caroUna)^ a modest-colored, shy bird, which remains con- 
cpaled in the vegetation of the marshes during the day and does not 
reveal its presence until the lute afternoon, when it begins to utter its 
whistling note, and continues it long after night has fiillem A 
chums of these birds has been compared to that of piping Ilylas in 
the early spring,’ To this group ako belong the pui-ple galUmile and 
the Florida pillinnle, the former with resplendent pliinutge, a blue 
shield uii its foivheiiJ and a carmine bill tipped with yellosv, the hitter 
with brownish plumage, a rad frontal shield and a broad red baml 
above its knee. Another allied bird is the coot, or mnd hen (fw/icff 
atiKriettna}, distinguished by its whitish frontal dvield and especially 
by its lobed or scalloped toes, which are not unlike those of a grebe, 
Kildeeis (OiyecAw# ixtciferm) arc s-ery common, filling the air with 
their shrill cries, as though in a perpetual state of alann. 

In addition to the well-known mourning dove, there is a beaiiliful, 
little groimd dove {C'!ia^i>i^p€lia passerim) on Pawtlise Koy, A 
closely allied variety of the latter collected in Porto Kico hy Mr, 
^Uwtander Wetniore, of the United States Biological Survey, was 
found to have swallowed a number of ground pearls, or mnrgarodes, 
already described, which Mr, Wetmore thinks may have been picked 
up by tidsiakf^ for gravel tu fiid digcsticm.* 

Other birds recorded from this region are the yeUow*bille«l 
citckoo: several woodpeckers, including the rare ivorybill; a screech 
owl, already mentioDcd, which offers a pleasant contrast to Some of 
the iinsp«Mikable spiders and insects mentioned in this paper by its 
conjugal fidelity and parental affection, for it remains mated for 
life and defend its young most couragi^onsly; tho whippfjorwill, 
which is a w'inter resident, the allied Chuck-wtil’s-widow ami the 
Florida nighUiawk; our own little ruby-throated hummingbird; tho 
kingbinlt the crested flycatcher; the pheebe: purple martin; barn 
Bcwallow; tree swallow; mockingijird; catbird; long-billed marsh 
wren; and the Florida wren already mentioned. To the last-named 

^ Htx Cbai?i] 3 «tt, RinJ* of Eutifm Alra>rl;e4. 3d ed,, p. 148, 

* otber tM* iklw In tlt« ^*"1 cr ftr»e therp ttpn^ 

l«Dthl bj cloMlj Cr The rrader'* ■ttwiUon i* c*Mm| to Ur^ 

mnsofnph Cu tfei Elrdi of Forte Hict? llrfftdj Eiept 
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bird {Tkrtjcthorvi ludovidanu^ miamen^h) Mn*. Kirk JSfutime haw 
paid a ’well-dcsMrved tribute. 

Followingf these in the bird census of the park come the rnbv- 
croTFnetl kinglet; the wood thrush; Wilson thnish, Heniiit thrush, 
American robin migratormn) and bluebird {SMi& 

Uio Florida blue jay, Florida crow, and the fish crow; n 
number of wootl warblers, including the beautiful little ovenbird 
(SeitmiJt tatrocffjn7lut) t which comes daily to the door of the park 
lodge to bo fed with scraps from the table; the Florida yellowthroat; 
and the American redstart (Sefop^/iffa rutit^a). During the 
writer's visit to the park several mdividuals of this beautiful bird 
were frequent visitors to a blooming marl berry tree {frarorea psniett^ 
tiita) in quest of insects attracted by its fragrant, elderlike blossoms. 

The list of birds terminates with the uatues of several vin^s, the 
iscarlet tanager, slimmer ttmager; the American goldfinch; the Savan¬ 
nah sparrow, which is a pest in the seed beds of neighboring truck 
faniiera; (he Florida cardimil, the female of which is more deeply 
colored thnn in our owm variety; the blue grosbeak; the indigo bunt¬ 
ing; and the many‘Colored paintcfl bunting, or nonpareil. One 
would tliink that the last-named bird {P^aerata ciris) would be 
highly conspicuous in its natural habitat; but Doctor Oberhnlser, 
who is a keen observer, says that it is often difficult to detect in the 
deiiFo undergrowth which it fre<]uents, for the bright colors of its 
varied plumage act as a kind of camouflage or disguise. 

iiAmixiS, 

Among the strange animals which early explorers encountered tu 
the New World the two which excited most wonder were the opossum 
and the etmngc, aquatic manatee, both of which were unlike any¬ 
thing ever before seen. The imperfect descriptions of the mamiteo 
gave rise to tales of sirens^ and the exaggerated accounts of the 
animal which carried its young in pouches made of its own skin 
resulted in various fanciful pictures. 

In eoiitbern Florida several of our familiar animals are repre¬ 
sented bj' Varieties slightly different from northern forms, varying 
cither in color, size, or relative proportion of the parts. Thus the 
mammal fauna of the Hoy^ Palm State Park includes the Florida 
opossum, PtdelphSi r/ryfnjon<i pi^rtiy very similar to our nortliom 
t\pe but somewhat smaller and with a longer and more slender tail; 
the cotton rat of south Florida, Si^ttutdon Ai^itlwg gpadwlpyffuit^ the 
»uth Florida rice rat. Orysontj/t pabtstri* adoratut^ aquatic in its 
habits and an excellent swimmer; the Florida cotton mouse, 
myjcT/fl gimppinw! pidnuirats^ very abundant in the forest; the Flor- 
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idn marsh hare^ Sy^vil^m paimtris palmticola; the Florida wild¬ 
cat, rujfiiA still Terj common in Patadisa Key an<l 

in the hmm mocks betw^n Eoyal Palm Stat« Park anil Minmi^ amt 
even wjibiii the city limits of Miujiiij the Florida pimtber* Feli& 
cQfyi^ now nearly extinct^ but said to be an ocdi^^ionnl visitor to 
Paradise Ke}-; the FI nr Ida ntt erj Luira cttnnilcmk va^a^ not tincom - 
iiion in the slongb^» of the park; tlie Florida rttecoon, Ictor 

ctucii^y of a more yellowish color than onr northern type; the Florida 
bear^ L'rA'iiA iitfu^rtca^um an occasional visitor to the park; 

the Florida deer^ Odoc^thm mr^hihuiiin u dark culored* little 

nniinaL about one-quarter s^mullcr than our Virginia deen 

In addition to the alwve mammals^ the manatee, Tricltrchm laft- 
already meutionedN should be included; for^ aUhoiigh it doc^f 
not occur in the immecUatc vicinity of the {jarh, it b not nnconimon 
in the Miami and other Ktrcanis close bj^ into which it enters to feed 
upon the aquatic vegetntion. Its favorite food is the so-called miLniv- 
tee gross, C^mi>d&cea to whidh it ji^ives the specific name* 

During tlie writer's visit to Miami he saw a fine specimen of this 
strange animal in captiTity. which was fed daily with great quan¬ 
tities of this succiilent weed, 

For a rfsum^ r^f the work which hos thus far been done in thi.'^ 
branch of zoology^ the reader is referred to a paper on ^Thc laml 
nmmmals of peninsular Florida and the ctiost region of Georgia/^ 
by Outnim Bangs,^ in which it h pointed out that the chief cause of 
the occurrence of so many welhdefined isulispecies of linhnals is the 
bolatcd position of sonthern Florida which* like that of an island, 
has r^ilUed in the §t‘grcgiititm i>f gronpa and the development of 
ifpecial breeds or distinct fomst 

tN^>Lv?^a or ^<pimiEitN rtAiiUDA. 

Many of those w'ho have visitwl smithern Florida have had their 
attention called to the shell mounds and other prehistoric vestiges 
of hnniim habitation found in many places along the coiisL Some 
of the most rcmarkahlo of these^ situated at Marco, or San Marcosp 
on tho (hilf coflst of southern Florida, were investigated in 1SS>6 bv 
the late Frank liiimihon Cnsliing, who, among other things, found 
the TPinains of remarkable terraces constnicted almost entirely of the 
Bbolls of concK% Ful^nr a species which takes ita specific 

name from the pcr^eim or leftdmnded twist of its spiral siielL=* 
Among the objecU uiieartlied were many made wholly or in pprt of 
these shells: Mattock? or hoes {fig, 2^)^ war dub«* bdles for baling 
canoes drinking dips, spoom?, and even boat anchors, the latter 

» niMU, J&T l 5 ^ 135 . 
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made by seciiring several of the largest shells together, with cordage 
made of agave or yucca fiber, which also served as the cable. An 
mteresHog fnct connected with these objects is that similar utensils 
tiiode of this same shell, easily iwognis^able by 
its “ perverse spiral, have l^n unearthed in 
the mounds of the valleys of the Mississippi and 
its tributaries, which tend to connect the Florida 
mound builders with those of our great inner 
basin. Objects made from the shells of Fuigur 
pernrrsHm taken from the mounds of Florida, 

Arkansas^ TeunesHeo, Ohio, Indiauu, Tllinois^ 
and Miswuri may be seen in the collections of 
the United States Xational Museum. Plate 55 
is a photograph by Cudiing of a terrace faced 
With these shells; plnte 56 shows a ladle ma<le of 
one of the sheila with the inner whorls removed; 
and figure 30 shows a spoon iineartlied in 

Florida com¬ 
pared with a 
similur one 
found in a 
mound in 
eastern Ten¬ 
nessee.^ 

Kearly all 
accounts of 
the aborigi¬ 
nal Inhabit- 
lor- 

to utensils made of 
sUells, P3i>ecially in connec¬ 
tion with the edebrated black 
drink ” rituub in which the shells 
were us&\ asi dippers und drink¬ 
ing cups for ^serving ibis cere¬ 
monial decoctiotip The eartiesf 
illustrations,^ however, evidently 
<lrawn from mciuory, ertoneously represented these utensils as being 
made of a shell shajMcl like that of a nautilus indeed of the specii^ 
actually ut^iL 
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Verj’ little bs kno'n'n about the eboriginfll Indians of soutbern 
Florida. Tlie Seminoles, as everj- one knows, arc comparatively 
recent intruders in this region. At the time of the discovery the 
most important tribe wns known ns the Cnhisns, or Caloosas, from 
whom the Cnloosahatchce River takes its name. Their territory 
extended from Tampn Ray southward to Cape .Sable, eastward to 
C’ape Florida, tnchiding the outlying cayo*, or keys, and inland to 
Lsike Okeechobee. They claimed aulhority over the east coast tribes 
as far north as Cape Canaveral. It was they who, in 1513, rcpetlcd 
Ponce de Ia?on and kept him from landlnjr on their coast. They 
were cruel and piratical, killing shipwreck^ mariners, and enrieli- 
inp themselves by robbing stranded ves-seis. The mogt authentic ac¬ 
count of them is given by Fontaneda, who lived among them ns n 
captive. According to him, they ate bread made of certain roots the 
greater piirt of the year, hut sometimes the roots could not be 
gatheren?d on account of floods to which the country was subject. 
They also had on abundance of fish and of roots resembling tniOies, 
as well as ninny other kinds, and w'hen they went hunting deer or 
birds they ate venison or fowl’s flesh. These Indians did not wear 
clothing: the men went naked, except for tanned deerekins or mats 
woven of straw of which they made breecheJoths; the women wore 
moss “ which grows from the trees, resembling oakum or wool, which 
is not white but and with these weeds they covered Ihcmrelvea 
around tlie waist,”' Tlieir weapons were bows and arrows and throw¬ 
ing ,<rt ick9 or .<ipears. 

In tlio sixteenth century a tribe known as the Toqiiestaa ocmpieil 
tile coast of southeastern Florida, within the present limita of 
Dade and Monroe counties. Like the Caloosas, they were savage 
and piratical. About the year 1000 they carried on a regular trade 
with Ilnbanu in fish, skins, and ambergris, a grayish, waslike sub- 
stanre secreted in the liver or in test lure of tho spermaceti whalo 
{Catod^yn This is lighter than water and some- 

limes occurs in great masses floating cm the surface of the ocean 
Foiraerly it wi» collcctpii in cocufidemhle riunntities on the shores of 
Ihc Rnhama Islands and tlie east voii&t of noricln, \n,eii heated it 
emanates a delightful fragrance, on which account it was .it one 
time much used m iM rininmy. It was also used in medicine and be- 
lie?veil tq hsive apJirfKliHiar properties. 


lEftM lDdJ*» DO TktrD Hor*, ill iarf.41. Up Uin^iw ; dtmndom 
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Tlie mo^ complotL' account nviiltabte of tlu} Indinns ^ho preceded 
the Semi notes in southern Floridn is thut of tFonath:m Diekenson, 
who in wliile on a vessel bouiul from Jamuica to Philadelphia, 
with his wife and infant child, was wrecked on the somhcait coast 
of Florida. 

Several nlitions of his narrative have been published, the first one 
appearing in Philadelphia in 1G99. It is a pathetic story of suffer¬ 
ing. He, his w'ife, and his companions were stripped of their clothing 
and all their po^essions and most cruelly treated by the Indians, 
bnt the Indian women, taking pity on his infant child, suckled it 
when Its tnotber’s milk was exhausted. From his account, which 
agrees esisentialiy with that of Fontanetla, an accurate idea may he 
gleanef] of the appearaiii'^ of the Indians, their 
food, domestic economy, weapons, etc. 

lliey were of fine physique. The men went 
naked except for a triangidar lirecchclolh plaited 
of straw and wranglit with divers colors, w ith a 
licit of the Same material about four fingers wide. 

A string from thn lower corner passed lietween 
the le*^ and wag tied to the two ends of the belt 
which met behind tho back, and from the knot 
hung a bunch of silk grass (fiber of Y'ucca fila- 
nientosa) of a flaxen color resembling r horse’s tail. 

They also had deerskin cloaks. T^eir long hair 
was coiled in a knot into ivhich were stuck two 
t^nes, one shaped like a bixiad arrow, the other 
like a spearhead (fig. 31), 

Their wigwams were made of small polis stuck in the ground with 
the upper emls arched together, and thatdied with palnictto leaves. 
The wigwam of the “cassekey ^ (cacique) was *' about o man’s height 
to the top ” mid within it was a «cabin ” or platform, almnt a fixit 
high, made with sticks and covered with a mat, which served as a set¬ 
tee ttjid couch. At one nllage the cacique’s house was about 40 feet 
long and 20 feet widc.covett'd with palmetto leaves, and within it on 
one side and at the two ends there was “a range of cabins nr barbi*- 
cue. • In some pliK-cs the hoiiiies were built upon mounds nrtificbllv 
constricted of shells. Diekensrin descriliws a I1 <kx 1 catised by a violent 
pie fiom the northeast, which caused the water to rise in the chiefV 
house and obligucl him U. seek refuge in a house on a higher mound. 
iho hoiisohokl utensils consisted of mats, hags of woven strew used 
for Stoniig ^ictl berries. Imsketi^, gtmrds, and drinking cups made of 

sliciJs. Tliough he does not describe their earthenware he men¬ 
tions fKits m which they brewed their ceremonial drink called 
sine. I ahnetto leaves were used as trays in serving food 
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Concerning' lliwir food Dickenson 

ThMe peciple neither ww nor reoii nor plant any manner of tiling whaUoeTep, 
twr care for nnythin^ but vlmt the borron senda produw. pl^b Ihey bn^ oji 
pJent; go ihej- ploase, but oamrutiies they isotild nialie It scarce for tu, » that 
D oieot a week wm tncist ctimiudulj' our ponlon, and tlupte meniR a rarity. 

Oysters, clanis, and other sltdlBsh wenj also included in tlieir 
uientis, and they must have had venison ami other gntne occasionally, 
for Dickenson mentions tiie nsa of deerskins for clothing, Tn fish* 
ing, torches were sometimes used nt nighty and Dickenson noticed a 
young Indian spearing fish with great dexterity hv means of a 
“striking staff,*’ which he threw at tho fish and brought them to 
rhore on the end of his eiaff. In two limire he got as many fish as 
Would serve 30 mem This striking staff or spear must have been 

similar to a harpoon, with a foreshaft. 
Among the objects from southern 
Florida in the United States National 
iriiseiiiii iliere arc wootien spears Iiav* 
ill" the foresliaft pointed with sharks’ 
teeth. In addition to thcapears, they 
arc armed with bows and arrows, and 
many of them carried Spanish knives. 
They also hiid other objects of Kuro* 
peim origin whicli they had obtainwl 
from wrecks, and one of them hud a 
supply of ambergris which he lind 
collected along the shore and which 
he expecUd to sell to the Spaniards 
ut a good price. 

, ,, , iktnong the wild fruits enten by the 

Indians, piekenaon mentions “seaside cwo plnins*’ {ChruMaitu^ 
cflKo) (tig. .^’2), “BCaside gropes” (f’oerofofrw nW/eruj (p], S7) 
and palmetto Wrios great stores of which were kept in their houses! 
The latter, which were umlmthttKUy the drupea of the saw palmetto 
(5^^ aerrwfofo) (pi. 58), may be considered the princiiU vege¬ 
table fo^ Staple of the Indians south of Jupiter Inlet. Dickon^n 
fomid the plums and seaside grapes refre^ihmg, but of the pal¬ 
metto berries he says: ^ 

Not ooo os wmia anffer them to star In , 

comiMire Iben, to notbiwr else ihoa roten eh««e la 

Xotwiths^nding his didiko of these bem® when ha fvm cn- 
eountored them. Dickcni-on an d hin companions became arcu,tmiA 

till I- mowt ipt pr™] dv th^ T~-—-- 

mjit Bailie’ mall diiEiia la ■ppeinnce. ireth a msrJi ^ f^ndiWtry. Tirj ace 

bf Mftt Tb* tamr liitKl ^rrj tJHR-h iit- P^mraadj^d 

tbftf lli* tbai of cvrtaliii Uoda of ticwla^ tcWwfn, ^ ^tlgbUj iWKLlai 
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lo thtni, even stealing a bag of tliem for provisions on starting ont 
for tbe nottK. and deploring the loss of a snuill quantity which was 
arridentaJly burned at night. Largo ^ppliea of pahnetto Iwrries 
were paid as tribute to the “King, or young Cossckey ” of a town 
near the present silo of Palm Beach, by the Indiano of Santa Lucia, 
who were his vassls. On reaching St. Augustine, Dickenson says, 
hia palate had become so chajtged by a diet of these berries that he 
could not endure the taste of sulL 

Tlift Indians were veiy fond of casainc fan infusion of lUas mnij- 
/o«b), which they used not only ceremonially, but also as a refresh- 
ing beverage, llils plant (pL &9) docs not grow in southern 
Florida. Dickeiisim descriiics the joy with which the Indians re¬ 
ceived from tile north a supply of its leaves, together with some vege¬ 
table product which they used as a lohacco substitute. Of tobacco 
they were immoderately fond. The Spanish oflicials in Florida, like 
those on the island of Guam in early days, used tobacco leaves in 
paying the Indians for supplies and for labor. At the time of 
which Dickenson wrote, the use of //<'■# t’Oinfforih tea was ns common 
among Lim Spaniards of Florida as that of Ilex. 
among tlio colonists of Paraguay and rrugiiay. Like the latter it 
contains citITcine and is a pleasant stimulant. Wlien verv strong 
and taken immoderately it acts as an emetic. 

From an ethiiolnglcal point of view Dickenson’s description of a 
eereioony accompanied by il rink ing cossino is the most interesting 
part of his namdlve. 11 is account follows : 

The Indians wctio scfltcd aa afot«Aali|, the at the miper cua ol 

them, niuJ ttje rnneo of cnhiiw was filled with iwpn. women iinil rtulilren, tie- 
liohllQsr na. At length wc heard a woman or iw® (.Ty, aceonllna to their mtui- 
nor, anil iliat very Eorrowfally, one of wlilch I took to he the (.'aasobey's w'lfe; 
which iMvnsIrined s^nw of tis to tlitnk thnt aomothlng e^tTnoidtoury waa to he 
ttonfl to uh: wii nlsn> Ju'aH n veranee wnrt of a nolnif, which wos not ILIte the 
uuIkc luaOe hy n iimu. hut we not uiHlenitaiiO wtint, tier whore It vi'as; 

fi(f soiiH'tlnics It sotuKlcd le Le In uthj part of the house, muimttmes In nnuiltE-ri 
to which ivc had an our. Am) Indeed our ears niid oyea could is-rcclTc or Jirar 
nothlnjj hut wlmt wna strsiliEO ami illiiiml, and death eeoiut'd iti ^urrouml ns; 
hut lime dhkxivored tldn twL'ie lo oi^thc uctauliiti of It was thus: 

In one part of ihLi lujuso, where n ttri: wm» kept, was oil ImlliD nmtt. having 
a pel on thi: Hii?, wln-ieln he was amklnj? a tlrluk of a shrub u lilrh wo umler- 
stCHHl afierwiirtLi by the Kponiarils, is calleil Cosswim) boiling? lliu said leaves, 
after tlicy hud ]nirein'd them In a pel; tlien with a j^urd, liavlpa n long neck, 
ami nt the top uf it a small Imle, which the to)> of one's linger eould cover, lun] 
nt the sklo t>f It n neuml hole of two Itichea diameter. They tnke thi> liquor out 
i>r the imt and put It Into u deep round bowl, which, bclna almost filled, cun- 
inltw mail tlinie pallons; with this gourd they hrfw tiie llqitor. ami muke h 
froth vtnq- murh : It loolm of u deep hrawn color. In the bieulng of thla liqtjor 
wiis tills mdse made, which wc thought strange: for the ptvwini; of the (tourd 
iseiitly flown Into the liquor, and the air which It eontaitved. licitig ferwl but 
of III® tittle hole at the t(*p, occaaleiied a soiwd, htid according to the time 
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sml motlciii wpultl be vorloo^ Tlila drink when uiaile hdcI iwil to sun 

wft# In n flheU Umt carried tn tt* CasrtelEeT, who threw port of It on the (trouod. 
«wl the rest be drank cp, and ihfti wouM niolie a loud iiem; ond Afimrardo 
the enp paaaftt to the resl of the CitHeehey'A itOMcIalee, O:) aformitUli bul ni» 
olher mill, nommi or child mtESt touch or taate of this sort of drlok; of 
whicto tl«*y Hat Hipplnjt, elinttwliia. srul hiitokltiE tobneco, or some oiher herb In- 
Mtead thereof, for Iho nwet port of the daf, 

Irt the eTenlnp, we hointr laid on the plneo nforesnld, (he Indlaju nuitle a 
drum of a akin. coTcrJng therewith the dwp bow-l in which thej brewed ihelr 
drink, beettnjt therwu with a stick, and Jiavlng a couple of rnttlf* made of a 
small gourd, put on u stick with amnli arouDa Jq It, shaking it; they |»enu 
to Ewt up 11 most hlrieoua hewtiug, lerj- (rksoma to us; nud eomecime nfter 
entn-p nuiDj' i>f their young wnfopn, wiaie aingtng, some dancing. This wn* 
MOtiaoed till iiildnJBht, after which they went to Bleep. 

Of unother cereidohy ho writes as follows: 


It now brihB the time of the moon’s emering the first fiunrtcr tins fodlatw had 
n cereiuotilous dance which they bej^an ahout S u‘cJ«:k in the inuniltie. in the 
first place taune In tm old man and took a stolT about S fwt ton*, haring a 
hrond arrow on the hmd thereof, and tlienoe lialf way painted red nod white 
like a barl>L>r*ip pole. In the nihidio of this Jtiqjr was Used a piece of wtwtl 
slwped like unto a thigh, log. and foot of a umn, and the lower isirt ut it wjJ 
painted blnclt. This stutf being carried out of the Cmtsekcy’K lumse wua set 
ffmt In the gfoniid, stumllng upright; which being ilonc, he brought out tt 
contain iTig tatilea, which were taken cut therertf and pi need nt tlw 
fucit Kf the staff, Another old umn ramc in uud Mt up nn luiwlInK II he imte a 
mighty dog. hut beyond him for leogth uf breudth, wltlinl making n prochimn- 
tfoD. ThI# being done, and motft of theai hit ring painted tJionieeircs, soma rail 
some black, somn with btnek and ltd, with their beiyo=s girt un tiglu ua well 
ns thej- could girt thcmsdlveft with mpes, haring their ahenth of nrmws nt their 

c and thufrlKivra In tbeJr Imniis; nlwut stniT, 

flir of tl» chlefest men In esteem amongst them, csiterially one who is tliclr 
doctor, Joiik up 11» rattles and hl^g^ll an hideous ncise, staoaing roond the 
staff wllh tJjelr mtllca, and bowing wUliont censing to It for about half an 
iionr. Whilst ihew a were thiw employed, mi the mt were staring anil 
scftnchlng, iBlnUng upwards nnd down wards, ou thL* nml tlie other side etory 
wny. looking like men frlghteneil or'mom like furies, Thim they behaix<d till 
the 6 had done shaking their mltles; then they all liugnn to dauee. ricTently 
stamping on iiw ground for the space of nu hour or mom. wltinmt caiaiog- 
In which time they sweat In a most excessive mnnimr. n lluit by the time the 
(iMucc was over, by ihrir sweat, ami the violent fgnmplfig of their fihtt the 
ground wm. trodden Into furrown; aud by luomlng the place when> tltcy dam'Od 
wim ^-cred with maggots; thus often reiwHrw the manner. theyTmtimHI 
till nlKmt a or 4 tn the afternoon, by which time maiiy wen^ sick and fatuL 
Being gathcriri Into the Cokey's horns* they so, dow„, haring ^ 

^aseejm rea.ty. which t^*y drunk plentifully of, and gnvo grr-nter qnanlltles 
thereof to the sick and hint thnn to other*); then tliey nit berritis fm 
rta^n tbfiy «tt iHtX iiny f«hl till tdi^bL ' ™ 

'tlie next dny. nhont the same time, they bc^mn ihelf dance as the day bcf™. 
also the third duy they heian nt the lumnl time, when many Indiana 
fn.m other towns, Rud fell to dandug, without taklntf uiiy notice one of ^ 
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utbor, TMb day th#y wtre strictei* tban tJi# {jiUi^r t^io dnyAi for Uft wcmun 
miLflt look bpori th™* but If Any of tJiclr watoeu went ont of tholr boasts tboy 

Wtlit vulli^ with CL nuit> 

Tlic Indians hail narrow canoes in whicli they crossed inlets and 
rivers. When they visited outlying keys or wrecks they lashed two 
canoes togetlier by transverse poles upon which they matle plntfortna 
for cariying their effects. In this way they simetimes naiigated as 
far as the island of Cuba. They apjieared to be uuder the sway of 
the Spanish and showed hostliity to all Xlnglishmcu or castaways 
whom they suspected of lielng English. Dickenson fells of the ar¬ 
rival of Spanish soldiers from St Angustinef and describe tlie cha¬ 
grin of the Indians when, instead of ill treatment the Englislinien 
mot with kindness at the bauds of their rescuers, by whom they were 
taken to St, August ine. 

It may bo of interest here to note the use of the acorns of the live 
oak {pL 60) by the Florida Indians, who, after removing the bitter 
tannic acid by soaking tbe kernels in water, ground them up mid 
made them into cakes or mush. The early Spaniards, when their 
supply of Mexican chocolate was exlimtsted. u>?ed these acorns as a 
substitute for cacao in preparing a chocolatelike drink, not, however, 
altogether satisfactory as a substitute, with which they regaled their 
guests. 

In the wars between the Spanish and the English the Indians 
above described were loyal to the Spaniards, while the Creeks an<l 
several otlier more northerly tribes were allies of the English, 
Finally, in 1763, when Florida was ceded by Spain to England the 
“ Spanish Indians’* sought refuge on the outlying keys and many of 
them removed to Cuba. Among those tlmt remained in Florida were 
the Muspahs, who maintained their individuality until the dose of 
the Second Setniiiole War. Unfortunately m^hing is known of the 
Imigtiapjs of these south Florida tribes, so that their linguistic rela¬ 
tionship to other tribes can not be determined. 

SEMIXOLKS. 

As alremly stated, the Seminoles are comparatively recent in¬ 
truders. They belong to the Muskhogeen &twk, and art therefore 
related to the Choctaws, Chickasaw's, and Creeks, but not to the 
Timucuas encountered by the French ilugetiots at the mouth of the 
St. Johns River, They are the descendauts of immigmiits from 
lower Creek towns who retreated to southern Florida in the eight¬ 
eenth centurj-.* The imme by which they arc now known, aignify- 

180™"'"*’”^°’ of a saipwmk tn tiw Ovipb «f noridi, ata «J,, pp. 4T-tp. 

■Mai'a tnlilnrpmwtiaD li4i> pglilhbnl r»a»nllDC tli* orlcla o( tar SvhiIdoIm. Oob 
ncBiit trOtBr nfm ta Uirin ai aBBCrUdiBO ®f rOa AitBoi, aod it tli« punn Ume tobptcia 





43l> 


AKKtTAL TIKPOBT SMITHSOSIAX IXSTtlUTlON, Ull, 


iHg ^rtinawflye,’’ wfl* first applied to them about the year 17T5. It 

^ owing to interiuamaga 

W| h refo^ negro®; but it is quite certam that those now lining in 
ho them Florida {see pis. 61 and ft2) ore of pur® blood of fine 
pl^vsiqqe, and di^ifiM mien, speaking a language allied to the Choc- 
«w jmcomipt^ by Engbsh. It is not within the scope of this paper 
relate tli^Jr history or to tmeo tho which led to tJio Sernbola 
and the mmova] of a large proportion of the tribe of the 

in rri!T' Oklahoma have been c.rganLz«l 

into a hat is called the Seminole Nation. ConcemW those rnnain 

i«g in Honda much interesting information is givi,f bv Clnv Mac- 
( iiuley m the Fifth Report of the Rumu of American EthioW 
I hy-eader la also referred to Mrs. Minnie Moore-WilaoQ*s svmm- 

her work entitled “The SeminoL 
Of t lortda and to the i-Tinons works of Anthonv Weston Dimock 

^ri V Enchantments^-' 

rndobtS"? To Mr. Dlmock the wHter is 

mdebtiM for the accompanying iUuslrations (pin. G1 nnd 63). 

Unlike the Indian? described by Dickenson, the 55eminolea tjnu> 
tice ngricultiire. ciUtivatfiig maize, sweet ooi.itH 

squashes, introduced melons, peanuts sujnir enn^n ■ ’ 

seaaido grapes {Cocc&lobiji it,! STH nti.t ‘ 

ba^MUit latino and C, p, llccsrj^) (fig but in MacU *^t 

to be f| rnfi. froni final \ T J thl^V clfW‘ltt|n(a it 

latAl 10 >W{'niit.v a lownd in which it*n KMip^c-tnu «- 

the»fMt spirit ” M ;»rchZ,L tZe^z? hZ 

pUnt fruni which it i. prcpcreiT snii tho nlww c prwiijita 

tbpm »ll6 tbp Bartmt Ea»Uui< un ibr rt,ri»». »w‘ " ‘ 

ebair «» mim. /aA-rrijt, aaH I.IwbuOp.! it ^ ph^t 

«aa|lmMl " ilM troDtlM-rtU, je». iiartUnw „ **“* ^*‘fi«TBli, tIm> tnaiRD* 

«l» pRbl«t«Hr Tuinta inapln* gt Mralw lod .t*"* *"■' (<* 

r.,rf ^ -.ir:;,; 5irx.i'-i“-rr ■" 

' Sm nOb ADBa4l Bi'pgrt Bgp. Am. Etin,. p. 5^ ’ 




I’ABADl^E KEY —SAFFOED. 


433 


Another coonfcie starch was obtiune^l by the Florida Indians from 
I ho rants of ecrlam species of smila^, cornmonlj rulted Chinn brier^ 
but not spfscifically identical with the species described by Linnsns 
under tlie name pae^o-ckiiut^ Three spccicsi were in all prob¬ 
ability used for lliis purpose! gnawing in swampy 

places; tlio very sunilar Stnita;/^ growing in drier situa¬ 

tions, and Smth-r oi^ticts^ala ( pL 64 )j growing in haitiiiiDclL^ and on 
coastal sjaod tlunes- WiJiiatn Bart rain has giviui the following de- 
st riptloiL of the preparation of ted koonti from the roots of snilax; 

Tlaej ebon the roots La [riecfyi, whlrii nfe afterwanis well ponadotl lo a 
wooden mortar, thro, boli>g miiw] with clcim wiiter in a trny or iro(jj5,h, lUey 
siralD \t throui^li baaketa; the aeilimeot. which ^ttles to ihi; nf fh« 

^>eouiJ| vefiisaU U aficnvatitsi In the o^wo air, and lit tJiefl a very Un^ 

rotldlah flour or meal; a aamll quantity of UiiB mixod with wjiler nwl 

^jnveeteaed with honeyr wliea cool, liecomes a beautiful, doHduun JeUy* very 
ooudoliing and wholetsoiae! they alaa mix It with fine corn fitiur, which l>ein^ 
fried In fredi bear^a oil makes veiy good hot citkit>a or frlttoris^^ 

Dr. John li, Swanton, of the Bureau of American Ethnology, 
has called attention to tbe fact that the pame koonti.^’ ^^coontij^’ 
or “conte,’’ h ctomologically idendcal with “kanta ” of the Ala- 
bajna Indiaiiks now miding in'Texas. His account follows: 

til the conroe of ruy lavesUfutJoriQ among the AJabnina (AJlhamti} of Te^cao, 
] beard zaucb of this rlaot, called by Uiem md obtalii^^ a apecimea 

of It, wbJeh Mr+ Foul Stbiulh^r of tbe NmloiiiiL Ileis Identlbed oa 

It la evidently IdenUrQl wltb m and lux thut Ihid been pre- 
tJotmly deiiia-lbed to mo ah coonU by on uld Creek Indian tmni in Mnbaiuu 
Nsfrito the remfiviil of ibe Creeks, a. brier that chnibeii up on ire^ like a 
Vina" 

After rcpeutltig Bartram’s accoimt of tho preparation of smilax 
coontic as quoted above, he continues: 

Ifawklns nl»o flayu iho Chino brier lo cownte," anil lie c|(?f?erlbeA the 

woy in which fioitr wtis extraeti^J from It It la therefore evident that at Jeost 
two species of smUax were known m Cfiobtl by the nnriciit Creeks, and Him,-e 
ibe cyraulareotis ptnnt w hich now Ijeofs that nxmo unmng the Florida Semli^ole 
la remfined to ecrntbeni FLorldn, it la erldeat tJiul It iMUld have been w^! only 
after the l^emlnGlo reached that eemotry from the north. OrJiduuUy It La 
eejdoDt that the term antst bnFe been applied to Kveral apccle^ of ami lax 
luivJjig larBe rcdiilab roolo.* 

The roots of three sp^iea of smilas were tested for atcirch, at the 
writers leqiiest, by Dr, Henry Hasselbritig, of the Bureau of Plant 
Industry: iaurifoJ^a^ S. and S. finrkuhin. The 

fihowecl m Tcstiges of starch, thnngh this may have been becoios^ 
the rootstocks were old and woody. Tlie second eontiaitied starch, but 

^ Bartnui, WlIlUjA, TrmT«iv Uir{ni»li Kerlh lOd SdOl A Caz^linaH Gforrti, Eait aqd 

W»t Floridly i'te-, p. 21b 1791. 

Ajitbropoli^aUt^ toI. JBi, pp. l€l, H3. LBIj. 
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this raald not be extracted from the powdered rootstock in snfficietit 

rontajned at, sbondance of starch, was subjected to a procU like 

and j^ielded a delicate flesh-rolorod Jelly, 
Jl acidulous and somewhat astringent This jelly was quite 
^uaUo arrowroo when sweetened with sugar, for which it rould 
be used as an axceUt^nt substLtute- 

It has l^n impossible within the limits of this paper to <Hve a 
comply list of the plants thus far collected in the region here con¬ 
sidered, It 16 hoped that such a list may be published later. 
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Plate h 



L VtEW 01? Paradise Ket mom the Northeast, Dry Seascj^. S^powipto royal 

PALMS, 



2. Same View as Ahove; EvEftsLAoEs Fut>aoEC}. 
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Plate 2 . 





OOUTIC Umestcihe frw royal Palm State Park, Smowina Crustaceam Tmh^ 
AHD Akheud Cast* ORidiN ally Fqrmeld m Calcaheous Mud Deposited in a 

SHALLOW Sea. ^-i^TOITED i« a 


NatnEAliiu. ITwtt^ntphfirl hutti ^^vdnieiij, in Vqj|o<I Bt.i„ NAtlnsal lliuaua. 
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SLdUQH AT THE EABTERH ENTFfAHCE TO ROVaL pALffl STATE PARK, FiLLEO WtTH A DENSE GROWTH OF YeuOW WATER 
Lilies <Nymphaea aovena, ofi a CSjOSelt Reuateo Species), Fjci<erel Weeds, Arrowheads, aho other Water 
Plants. 

bjf Wll^da 















SmlttiwntAn Report. 1^17.’—Satf^nS. 


PU^TE 4, 


Yellow Water L^EiE^i on ^Di^NETa uNtmphaca aoveha), 

NhIUjAI ^ 














SmlthiwnliiTi Report, 1917.—Sitlofd. 


Plate 5, 










SmlthUHtUir) 1 r .—&b rford. 


Plate E. 



unnooE-s rrruM itSOTJ^l 


kal« State Pahk* 
















F?flpart, 


Plate T. 



MaRISCuS ^AMAICENSIS (CLAD3UW EFFU$UM TOHR.). TNE PAEADED "SAW G FI ASS*' CF 

THE EVERtlLAQES. 

Nattmi ilBt^ 









Smillh-uninn Impart, 1 


Plate 0^ 

































































































































































$mi|hiAn]iii 1917 .—Saffafri. 


I^IATE 9. 


ALLEO.ATOR APPLE (ANhOMA CILA9RA). 

blicmiljmt on IlJ reniJiTi^lilp Itebl wndil li ubmI finfkji for of 

NaEnraliiie. 













:Snilthiofilqft Rflcwrt, Saf^ard^ 


Plate fo. 



e«cHAB.» owMEfluuren* B ^aar Co^^p^ite vebv Common 

BNO THE MABaiNj OF EVEHOLADE KE¥4. 

TTpi hMJf uad Ibd bitig l n Ib^irara bg^iu 


in MAtrSHE^ 

flFi»t“r*t^plflEita. XaltimJ jbri. 















SmJUnunlBn 1917.— 


PU^TE II 



Buttoh MAtlQROVE (COHOCARPUS ERECTaS, SlHOWriMa CLUSTERS OF RnJIT AMD 
NECTARIES OM EACH Sjoe OF THE PETIOLES- 


rm»lwT»pb «r spedmciEj coOvctnl by C. K. Mwler tbg wf tUjJitl ralm RIaEe 







Smithian Ian R«p<Mt. 1917.—SatTa/rf. 


PiAT5 (a. 



^ ■ if 7V 

SWAMP CVPflESS fTAXODiUM OISTiCHUw^. ShoWIHQ BuODlhO BfiAhCH I. ^ 

Fruit, aho Matur 

dValmikl I ixij* 





















PLATE 13^ 


Royal Palm State park. Tent of Warden Near Eastern EEfTHAHCE. 

FtLl>Lu^RL|)h. bf WlbuU 















Plate 14 
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Plate !& 


J^oora OF ^APfauiiO Fia SFicu* aurea} EirfeRAciNQ CAfiQAa^ Palm. 

I'btJiecnipta by WiJpen I'cifirtior, 














Sitiltn«Jniiin Rn'iKift l&i7-—Suffopd, 


Plat^ 16 . 



ERYtWftIN* AtIHlRU. U3yA|.E.y A eCRAMBUKO ShRUB OF MflOERATe StlE BUT hfbf 

Growino in the Form of a Lia«a. ^ 


SFMbMOEnraiilEDarUivwIrWFnlwiBBlo iTwl^plttynoy Tl.n^rteU, 














Sn?rttvi(mtan Report, 1917,—Sftffopdi^ 


PmT5 IT. 



^ A*’“N AcwuftT OF ITS Sharp Recuhved SFtnesj 


BtimiplntC.E.thtpofti^cn, atUmtasdslUw-rliuiL T’hrrtosTuj*1,,Hoj'l),Qoodrids. 





















Swamp BAM&oo-BRiEiR <5 milax lauri folia) 

Rootstock, " ... ■ inriscii 

Tbt jElolm clMtla iwdi WM mmumm |i«icLM hw ^ 

WTJE|*<r»^ by tlM 


SmSIliiWllAn P#|H!ft, TST Z.^SiFlord. 


piATE ta. 

















i-srip - SaflrrU. 


Plate 19 



0j^CHrD3 or PARAOh^^ Ktr 




















^ ,v 



SPANISH Moss (DENDftOPOOON USflEOIOESh AN EpiPHVTE QelONO tNQ TO THE PINE¬ 
APPLE FAMILY. USED BY THE AaOftlOINAL INDIANS FOR MaKINS ShiBTS ANQ 
Apr-oks. 


rctziv«d ironi ^ ra. W. 





















SmUinoftlfl-rt Rflfwrt, 1^17.—Snfford. 


PLATF ST. 



nn #^in-rUAilT, QR EPIPHWE, PELGMG 

Family, 


IMQ TO THE FfNEAPPlM 


by ynu„ I'op™*. 














Smhhianlin 1 7.^Siffondp 


Plate 22. 


Phlebcdiuh aureum; a Fefiw GRowmd m the Axils of Old Leaves oh the 
Thunks of Cabbaoe Palhe+ Portion of a Frohd^ 

SnHinilaiu. 


















PUkTE 





















Smiyi»hl4Jt Ripcfti mir —SaffDfcfr 


Plate 24, 



Anemia adiahtifolia fOBNiTHOPTEflia adianufolia Sw.n ^rile ano 

FRIuTITINa FRONDS. 


Nfllunil ;ii£Cr 















Rafrart, 14T/.~SQPr9i^. 


Plate as^ 



royal palms <RO¥STOItlA RBOJA) OF pAftAOiv 

PALM STATE PARK OEmC^^rT^ 

IlH«c«i»t4l liy WliKii 









Smlthtarlin 131 Saffa«f. 


PuME se. 


PAUROTIS WRIOHTII (SSREnOA AHBDRESCENS SaIIQ.X THE TREE SAW PAUHETTO. 
tJii* ppwkK (umi eUimfti uu tho swiUi ««at irfyMife| tot nut o«iif wIUiId Uip Lnlu nf LbA iw 

















Rvpwt. 


Plati 






















SnIthwItA 19174— 


Plat* 



Pnurr lUKi Scipt w PuMiu Paum*. 


|rini4to>X«TnntateteiOT4iirfTl4icfc r^Sn rThi1m,i v, fiwfcn try »iikii 

tedhiUftwtpi, 31, rri^t bimI aPHitct r4rtBu mmmMfm. H.^gl r mtairlf in mb 

fafHI; 4, W^llfeBlniit ol 4wf I'llMHfa4*«T*I»*>BBtiBii t^j Ih* IaiUbIh. 4, ivr^ 

{M*f jMli^-«, fmmrm rBb4^«B Itiwm r««M f H Ki^ itWi 

»>*ir Pilit (v^BUtrtBBa b»p b* w ^ 





Stn^Ui^aiitiin Htfiutt, l^ir.—Saffcnf. 


Plate 39. 




PAF.K. fascicled 


; rAum 


NaIutoJ n^jT-fi 
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FtAT£ 30. 



Pine Iand Near bovai, Palm State park. 

yV'I?i5 ( JVauj pnw th* Emr rAlnrttts lh»S[h-i» mim, tha CttmI. 
















Smllhienlftn 


Plate 3 L 



i*MIA FURPMNA. AH ENDEMIC CVCAD FNDM ThC ^TABCHy RoOT OF WHFCH FLORIDA 

ABBoyrROoT 19 Imade; Male inr-obescence. 

















SmliWi&rilan ft#par!, 19J7,^S&ffOFd, 


PutTE 32- 


ZAmiA FLORilDAHA; FeH|AL^ CoHE+S hAPEJ? UkE AH EaROF MaIZE^ BeARIHQ 
ROWB QF £eED& I HCI.Q3ED IH SfiARLET ARJU AND COVERED 0Y A VELVETY 
PE HI CARP. 


Idmianil adXfw 












Sirltiifafiliii Rapcrt, 19! 7.—SBftufd, 


PLATE 33. 



Thorh TWm, Bu«eu* hecu«at*, a p,«e-ijnq shrub Belokoikq to the Sapdi 

FAMiir. 


















SmStPiMflUn Rii^rt 191 


Plate 34. 



Dwarf Florida privet, Fohe&tiera pinetorum, ah Endemic PiKE-lANQiSNmja of 

Southern Florjoa. 

Katura] sioL 
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5ifi.tlipiin<*n It4p«Ft.. 1517 —Sananl 


Plati 3S 


Tree Srails, Mars-m Swails PAMj ^ tSi : Key 






iliiti:cillii m ■llaij.* ipfl: HI44. 

















SmJthwnJaJi Siiffftrtf. 


PUiTE 3i. 



Mollusks of Royal Palm State Park. 




MffsttatrJtn n^EnaJA- 

ifTtictt*,- s, jH rnpu^jtm 




















aml[li*anl«n Rwft, 1917.—StITord. 


IXATE 37. 



EVtUOt^DE FA^>, *n l«p„rT4NT FO«>^«^ OF 

THE WHITE iHIt AHD OTKEit MaI^SH BiRBS. 


Nalmnliii^ &4iniyiMaiJ.y 

















Scorpions (Cehtaurus -QRAcrLks; akd Wrirp soorpjom ^Mabhooproctus 

OrOAHTEuS) FROm PABADJfiE KEY, 
tirtwinlatd lij Ur^ K4Ui4ti PflbkL Fli^lSjr AslAtEPi. 


ptATS as. 


Report, 191 y^Safford. 


















SmUhiflnitin Rflport,, 1917.—Sdfford. 


PtAT£ OT. 



QoORI DF SotJliE} OAit TiMfleB' 

SH«W.Na COAtEIJ WITH 

Nmuiu j,, IlhiCniTnnbbrThtjrr^^K.Sri^Hl.f, 





















R«[k>j% 1917.—Afford. 


Plate 40h 


Dragon Flies of Royal Pauwi State Park. 

If LiHrArfftit epimisM; ^-pYrt^n/Ai wrpntfl/ 3, fxhrt^r9 Fimhirfl.- L ArrinflnYrn* p^J^uluiq^' 
4iuijMiinla, XHiumltiHL DiUnnliMl by birUiA IL Cuniiu 
















SinlthwflfiJi Ifspert 1 onj. 


PMTE 41 



Scale iP4aecTfi, oft Cocci dae^ MABcuLnnnlT'^ZT - ' 

fhoh ThE(K HtseiyiamS^ Gwund-Pearij 

Nnturt] ^•D. 


















SjnfcthiwiEuv Report. 19-17.—Sefford. 


PtATE 42, 



GROUND-PEAPL^. MAnaAROGES FCRMICARUH. FROM PARADISE KEY- 
G dhmaUEa. C«UH!l>Bd by C. l£. Mnkt. 















Smithian lin ne&drt, 1917.—. 


PLATE 



*™™“ "s?Ksrj:rp^„“raj.;rroS”^^^ «■ 
















Sntlth*Ohl»n Riport J917^Sitfo«L 


Plate 44 



fHSECTS OF Paradise Key* 

I \ A^nwrm-m knari^ i r^^^ih-dAt 





Smithwnlin lil 7.—SaWe^l, 


PLATE 45. 



Insects of Pafmukse Key. 






Smithlonlm Ri(»rt 1917.—Safford, 


PUCTK 40 , 



0CAL£ OF A BUTTtnFUV*fl WlNCl iPAfUUQ 3P,J MAOKIFiED 750 
OlAMCTEl^. 

|^at£igru|ih. bjr Kaifiaaad Th nmtu ir, 





































Smlth»nl*fl Rvpnrt 


Plate 41 , 



Morns AND Butterflies from paradise Key, 

1 , r^igmis itiXA hfiw,' B, COt^MiMi 

1i,AmHiMja$rtFp^7^JtLnanhc(^^ N«turqlM4^ ^ ^ 










Smltiiuniin R^ipart, TST 7.—SAWOrtf. 


Plate 4a, 



Regal BuTTEnfLiES FnQhi PARAOtse Key« 

1, Tils QyHU, ferfrtlw; J, Tlw lioUiMTli , A ihnfffl pUtipfi^; 3^ Thffl Fkdda Vlswoff ^ 




SmlthientiA Report, tS]?.— SuffOfTS. 


PWTE 49. 




i I (JypnJ'li!]i iaiuUijr^ 


Dutte^r^ies of Paradise Key, 




SmlUi«4niiin flvpgii. T9l7^^rfQfd, 


Plat^ 



Bi/ttehfu^s op Par ad me Kev^ 

1, ^uiamiu pfM^; J, 7'4|]^JiftCTr47riwf«iv'^ £vf€iim ( jV7*M> piitoiifiAii. 




Umithiotiiin 


PLATE 5J. 



HVHEn»OPT£RA OF PaRAD|3£ KEY- 


fHMnmAfq^: H, V Hr. Ronr^# pftnifMitnnkvi £il*fHnrafrii 




SmittltOnL&Pf Rupert, I9T7.—S4if0nj. 


Plate 55^ 



Jewel Wasps CTHrcHRV&is PAfmiLA) found in Nests of pQTTEit Wasp 
<Eumenes), which they Enter to Deposit theiii Eoos^ 

Tiw upper oicm U up like u ikFBUtaMli> hv Kll^pK^LoeLkni- Eaki^jeil ^ 






SfflJthMMdM 1937,—Siffart. 


PLATE &SL 



t, TkmtF l^jp OmiAiBmi fuxipfmnU: 
Anmrwlpinmirfly, “ ' 

7 , Sen v-winii 

IAmmi. NatAli^ 


,T'j fJijM miftM; fluwr fly, 
k/iImj uS.”** Uy. j ■d|i*w itnnl;^ b, 




H*iwrL. P917-- 3*ff*rd. 


PijrcE 54 



Roseate Sf^OHBiuL-i'ASt DisAPPCAf^iriO FHaHTnt £vxaoeai>£s 















Smllhicnki^ Rsport^ 15S7. — SiiNerd. PLATE GE. 



PfiEKiST^Ric Terrace Made of Conch Shelu^ CPuLQLrif (Busycon) perversumI- by Abofroeimal Inqiaists of Eoutherh FU>hida. 

flUniliLT iTB EiHiihJ J±t biirlat ntoiiDilri at thm jMlnvJMlppt WT^wEnrfia. rboio^rti^pli rYmit li4UfJt4:di 













SmlttiMRUn Repfliti l-St/.—Wfofd, pLATE Mi 



Laouk Made frow Shell FuLQuit fBuavcoht) pervehsum. LTseo av Asorioihal (NpiANa op Southern Florida. 

l^kOLpgfi^ph ol BjHsdnMsn. Id UnHeil SEj.t» KiUomil Uuhuid. Almtt lwi>4hlPiIi lulunlAlu. 














SJn|th#gnlfln Report^ 1917.—Satford. 


Plate 



"Seasjde GFtAPE«" iCoceoLOSifi uviferaX a Foo[>-Staple of the AeoRiaiNAL 
Ihdiaks of South EH N rLrORioA. 














SmEEi>Kinlirt Heportk 1^17-—SsHord. 


PLATE 5S. 



(StflEHOA SfRRuLATA^. MgCH RELISHED B^ 
^ IPtEJfAN^ OF SdUTHEBM FLORkDA m SPITE CF ITS ACRID RahCII 












Smlthionian 


PU^TE 



Leaves of jlex vomhofha. Used by the ahorioinal Ihoiahs of Flohida 
FOR MAKIMQ Th£)R CEREMONIAL "8LACK DRINK. 



















Live Oah cQuehcus viRa,«,AK*) F-al™ $TAtE p*n«, 

Tlv» w»nu wfrt tise,! lij c , 

waMtimw iM^q ihwa fu Hinfcti^i 


Smith ion larv Rejwrt^ t917.—SiW-ord. 


Plate 60 . 
























Smlthienlan Re^d; I9i7—Safford. 


PLATE SI. 



Seminole Indian Boys Pound a Gahoe pn an Evemlade Slouoh. 

IDT PIbucIl. 










SmnhtonUrt i&i?.— 


Plate 62 , 



SCMiH01£ Indian of t>is 
] lHlucn»{ib Ifljr Jdllaii A, Jibiwtk. 


:s OF Florida and Hie Son. 

on Klia«^ tv Uw Cr^rkB ium, 












Smlth»eM*H Report. 19T?.—Saffort. 


PmTE ea. 



Roots of a Cycad. ZAWhA FuomoANAH from which the (moiahs prepareo Their 
Ed iSUE '"CooHTiE" (Florida ArrowrootK 

llja|a^l4i ur»EK?diuiiJia IniiH tL#flmwtUHil ni Mulitj nrar 
















SmtthfOnian P5ep€rt. 1917.—Safford. 


PU^TE 64. 



















NOTES OX THE V.MH.Y HJSTOKV OF THE PECAN IN 

AMERICA. 


Hjr UcHisET H, 

PfiffitioTuffivit U* is* DrparijnciU Ot AifncuUure, 


IVliile iJi ^tiiilyjng certain Matures of ihc tJirly days of 

Americtut b^tonicot activity T fomiul many refurencfes to the 

history of what is perhaps America'a most important contribution 
to the world'ii stock of edible nuts, the pectin; and since the soinces 
in scaue cases are unpublished manu!!icripts and in others old or rsire 
works not eiisy of 1 have here brought together the accumula¬ 

tion of somewhat scattered notes. They are bound together by the 
fact that they shed light on the early hi:^ory of this important native 
treCj and in some cases on the interestliig part played by one of our 
great statesmen in gaining and disseminating information concerning 
it. No claim to eompletene^ k made for this somewhat desultory 
study. 

DISCOVEUT BT THE SPA^ClxlllOS.^ 

There seems to be no reason to doubt that the natives living along 
iho lower coiit^ of the Ohio and the Mississippi Rivei^ and their 
inbiitarie^ as well as those occupying eastern and centred Texos^ 
draining into the Gulf of McJcicOj knew' and esteemed the pecan as 
an acceptable article of food long before the white man visited the 
continent. The discovery by the whites, therefore^ merely made the 
existence and characteristics of the plant matters of record for our 
race and therefore of so-called bLstory. Among the accounts wTit- 
ten hy explorers traversing the region^s to which the pecan is indige¬ 
nous, the earliest seen wliich mentions this tree was the niiirativo 
of Cabe^ti de \^ftca. That unlucky Spaiiiard, between 1526 iind 1543^ 
with the Indians who had enslaved him^ traversed the coastal strip 
of Texas from Galveston Tsfund to the Guadalupe River and beyond- 
In the story of his wanderings which extended far to the wi^t and 
soutli occur the following sentence: 

Two dojia after tope de Oviedo left, ihc IniUftiw ^ * canw to the 

place of which we bad been told, to eal wnltnatH* These Jire p'rtuni wUli n 
kind of ounaU i^ln, and ihlji tii the RubfdnteiiiTV of the peoi>te two mcatha In 

■ ror TmliublQ EiiDintLciiu c^netroltiJt SpuLill I mm loifobtcd to rjvt- 

n^riwt E. Qi the UiLlTieTPltj of CaJIfomLi, BtriwIfJi Md tfi Dr. JAnuBi ^ 

BiibvrtBDii. of Isititotlon of W'AiMa^toDF Dtltrtct of Colimibliir 

4lth 
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the r«ir wiihaiu any ottior tiling- but l^vull tine nuta div^ i\o out Imvu every 
seasrtu, ft A Ehtj tree produ™ In nltwnate yt^T^ Tlje frtilt (s tiio sSre &f ttiiit 
Jti GnlluLii [f^bulu]^ the tr^'ta* am vf?ry lorfee ikiul niuueroiii;.* 

Otiedo^s neeoijnt. of the b-ame place says: 

There were on the bnaka (en laH at the rEver mniiy nuti^p which the 

TnillitiiN ate tn tlulr tseuifoii, coining frym twmkty or thirty Idatfuca rouiiil about 
Thv^ Duta were mnch smaller than thm of tipaluj 

The locatina of this river of nuta hoa been the mutter of consider- 
able iiiveftigatigti b.v Baakctt, wlio decides tluit it waa the Guackluiie, 
sotnewhoro in ita lower coum. Tlie time is given by Ho^lge as tbe 
year L>33v 

In view of iho wide distribution along t)ie w<joded bottom Intids, 
bordering the lower course of most of the rivers of middle and «ist- 
ern Texas, of jsevend sijecioa of trees tehtted to the walnuts, one eajj 
liiifdly state wiiU certivinly wJiat kind is Uvre cotiLunu'd. However, 
the habitat, the gitait sii«i of the irro^ tim edible ciuality, and tho size 
of I be nuts (in oiso Oviedo wim rigiit) would strongly suggest that 
the accounts here refer to one of tbe umny pecan groves w-hich 
occur in Uvtalitiijtf like that here described. 

The problem faced by the translutor of Spanish annals is an im¬ 
portant one for us, since Texas was visited for (Mnturi(fl by Span- 
lartifi who left accounts of their travels, and scholars wishing to 
render these stories into accurate English usage have to decide wbat 
to call the nuts there mentioned. Some have adhered tn the philo¬ 
logical asijoct of Llifi matter and in translating the words iw£^s and 
nofft/IfJt have used the terms and va^ntiis^ while others have 
adopted the word pecan as the probable mcKiem nnnjo of the trees 
dis^iscd. The latter wmrse involves a botanical as well as a philo¬ 
logical judgment and might lead to error if incorrectly employed. 
It fic^ to me, however, highly probable that the tree seen bv Cabetja 
oufl Oviedo on the banks of the Gmidalupo in 1533 was tho pecan 
as certain translators hove rcgardetl it. 

At a eon^what later date, Hernando de Soto entered tho pecan 
area from the north and east. Between 1530 and 1542 ho traversed 
the southeaster part of the present United States, An English 
translation of hia account ^ include in that treasury of adve^ure, 

tejfoT tis Pilgrimes contayning a His- 

d ti ^ ^ ^ "yagea and Lande Travdls bv Englishmen 


QaarL, !<>.■ Umiu-T. ^ ^ ^ CatwM ^ \oc». Tmbb nUL Aihkjc, 


■ In tb* t^nllfrEit FilltlOft THlttlltlbril hr u X iL 

itK iArfrnntof Chr SkttiO> ^andirrl ja. 20 

*iad 1 #: l-UL ^ po I. Cound In r^tum^ uVmI^ 
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In tbo eai'lj slages of his exploriLUon {v. 18:3) Do Soto reports 
(inding at an Indian town called ChHiA4i^ siip|>oscd to bn near tbo 
presont site of Columbus, Georgia, on the Chjitialioocho Rivor,^ a 
great store of oil of walnuits dear as butter and of a good taste* * 
Tills place is outside of tho recognized range of the pecan in its wild 
and the term Oswd by the traiisliitor mnst here refer to 

some otiici' plant* iliv .Tames llooney, of tbe Bureau of Ethnology* 
informs me U^at this vrns the bichory-nut oil, still iLjed by Iho Cher- 
okecs of the same region as fornierly by the Creeks. As Dc Soto 
progresses northward and farther to the westj in the roiintry <if tho 
nhief rallpd Casqui, ho iin<ls wjdniits in great nuinlier of a new tyjic 
Ivearing snft.-shellcd nuts in form like btillets, which the Indians bad 
laid up in great s?toi\^ In their ho^isos. The trees differed from tliose 
of Spain and fi'om tlio^ Nien ladore in America only by the smaller 
leaf. Tlie location of I he country of Casqiii Js pc‘rln 4 >s somewhat 
douhtfub Thomas Xnttullj in the appendix to his Joumal of Tm vcls,^ 
identifiiHl tliis region wiih that known to the French Kaskaskia, 
a point on ilie lllssissippi liivcr near the nioiith of tho Ka.skaskia 
River in lUinois. and he sought to identify tho stores of niita referred 
to with the pe^^anij ubinuhmt in the lowlands along the watercourses, 
especially to the ^uthwimL A more recent interpretation of Do 
Soto^H localities (Slieplierd, Ilistoricjil Atlas, 1911:191) n-ould place 
tho most northerly point reached by blin in alioilt the latitude of 
lleiiiphis^ and would thia,s seem to locate this abundant occurrence 
of jH'cans iNrjiiffiilerably farther to the sonth. Xitttall indicates his 
opinion tliat Do Soloes description of the nnts and of tho tree must 
refer to the pecan, a conclusion that will hardly bo ijiiestifmod- 
Do Soto again mentions walnuts in gn^at store, prolinhly i>ecans, 
fit Autiainque, where ho spent a winter (18 :34), this locality probably 
lying in southern Arkansas on tho Washita River, They were nho 
reported at a plae:c named Xilco, probably In northern Loiilsiiinu^ 
roughly west of tho mouth of the Yazoo River. Thoso points arc 
all well within the ninge of the pecan.* 

Fortunately the aocioiints left by several later Spanish travelora 
wdtb whom we arc concerned in thhs connection have been edited iu 
English by Ptoh ITcrliert K* BolhHi, professor of American history 
at the University of Califomitk.^ Among those wlio eutcretl the 
region of the pecan in Texas were llendoKa and Do Lfon, In 1G&3- 

‘SimifVny, JniDPfi* Ifjlhi tit Ihi? ChrrgfcN!. Xlnett^blh Btirvflu Ajui^riam 

uumuiuET. m t:un5. iwa. 

ThOJaM, .\ Jfmmnl of Triivrli la th« ArkitsHui Terrltorj tfurlbg Venf 
lain, with CV.i&Bloiuii Obwmiltuiaii qu ll» M^luivi^tb of ttc FT^llidf]pUlL 

i.aiLi [ 2:ii3. 

* Ri'M* C, A., cul tun ; with ipOcLoil nfferpacfl to propLUBatlon ■ utl tiiJ^rLic& 

TOO^ 1% 0. lirpt Atf. laifljS, 

o|1ciiia ||ertM>ri E,, OrliaisBl Xarrmtlfpo ot Ertrl^ AoiRrUun mjrLorj. S[malBh Ei- 
plomtloh IB the SraithvHL 1343-170(1 Chhrlei Sfrlbapr^H Bw«p New York. ,1310, 

€5133 * — uu lOlT- - ^20 
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84, Mc^rtdozo truversdil tlie tv^ion of the middle C.’oncho EiTer ta its 
junction with the Nueces and fan her east ward to the Colorado Elver 
near its jitnction with the main Concho Eivm He mentions seeing 
walnut trees (nogalc^) which Pmfc^aior Bolton thinks were m nil 
prfFbability poenns, and which he calk such in liis tran,datioii* These 
trees are descrii^eil as occurring along watercourses (p, “tho 
bottoms have many grovea of them-” In another pkco *^were several 
great gioves of very tall pecan and live oak trees” {p^ Many 

other references to these hixuriant growths CKCiir in this account. 

Ik Iji^n, who I’lsitcd Texas in 11381^ on his march into Texas from 
Mexico^ refers n.'pcai:edly to some form of walnut (nogales) called 
in (he tnm^lation Tlio Nueces Eiver^ Atascosa Creeks and 

Moilina Kiver are idetitiGed by Miss West ^ among the sirtamH said 
by I>& 1 /h3ii to l>e tK>rtleml by pecan Sj frenucnllY accoinpanleil by 
oaks, and sometimes by gmpcvincgi (p. 200). Mks West also renders 
noffdl ns which was probably the predominant species scon 

by llii- explorer. 

To follow the pecan throngh OArh' Spanish literature would lend 
us beyond the liDriiL^ of ihca© note$* One other Spanish explorer, 
who canto at a much Inter dato and wdu> penetrated into the river 
■valleys tributary to the Mississippi, must, however, be referred to in 
connection willi tlic discussion of another phuse of pernn liistory. 

IiISCO^TiltY EY THE KtlENClL 


It Would iio expected that the later esploration untl exploitation 
of ihe pecan (XiUntry, a l!ir;ge part of which was covered by ttie early 
territorial claims of the French, would have produced imporlaot 
addiI ions to the informalimi ginsn by l>e Soto. A thoroLiirh canvass 
of the accounts of the early French voyageiirs lias not been attempted 
but a nninber of early references to the ]>ecnn ha%'e como to my 
attention.* 

It is highly prottnble that Tju fthillc and other ex^dorers of the 
lower Mi-ssiysippi and of its Lribiitai ics encountered the pecan So 
abundant and so ncocptable n foml product could hanlTv have been 
neglected by trnvelcre finding it when ripe. The enrliok reference 
ficen, hnwever, is by Pttnicatit, who, in 17(M, proceeding fr^nn tbo 
Bouth where the main expedition under De Ilieni ilk Imd entered tlio 
month of the Slissifisippi. ascended to Hie vilkgi, of Sntches!. He 
devoted a cliiiirter in bis actounl of this j.n,riiey to a di^riplioii of 
Hie place, its inhabitants, and its products. .Vs rcprintcJ in hb old^ 
time French he gives, perhaps, the earlk-t h’rtticli descriptinn of tlm 


AB aBDoC-n^rt] t rnrtatB ri ftti 


1 BtiUrta, fi. H., pp, ani^ 

' Ws^-^r, mtatk-lii llowiatni. ^*jTftttUivn nf i(»0, 

Qilirl, Star# 111 * 1 , Aamc. lOfllV, 

•I to C- ». S-rs-n, th, ArMW f«r taelnfal 

>ft wnbMtlOD wlia ctrula or tb* «rtr rt™ch dpIanlttWL ^ 
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pecan.* In n^dition lo the few words of ilescriplion )io tnentions the 
common nmnie iisetl by the natives! 

Us ^nt ilc ESe iir>Ferff! 11 v dernt les noSr sont ctPtDme 

1e et qaJ ^rrent tL falre dn pnln pour leur soupt^^ nt^lA Xtfs 

ne Aont pi^^zrs plus line le poulce f Lbi le? upiHi^lWnt 

T^TiHe it tnnst be admitted that there is little said to dtstingubh 
the nut, the high quality monnoned in connection with the cluinic- 
teriatio name seems to point to that now known us the pecan. 

Another somewlmt later referiincu based on trei?s seen in, tho 
nortliem part of the range ismiide by the Jesuit missionary. Father 
Gabriel ifarest., who in writing to Father Genaon^ of tbe same 
order^ from '^Casaiskiast un Illinois village^^ on Xovemix-r 9^ lTl2j 
observes that “there are different kinds of nut trees. The pecans 
(Ije-s pacones) j it is thus that the fruits of one of tlio nut troths is 
called) have a better flavor than our nuts m Fnincf?i.” * 

Unless we assume that the name pftrfj.ne wasi applied with acHMirady 
to th!_^ very distiacii type of nnt^ there is bttfc little basis for an asser¬ 
tion that Afarest. had in mind the pecan as wo t^ridcrstand iL On the 
other hand, the location and the flavor of the nut would seem to favor 
the presumption of nccumcy. 

The situation is somewhat clearer with Charlevoix. In an cniry 
made lu his Journal on October 20, 1721, likewise at ‘^Ivaskasquiiis.*" 
ho observeas; 


Pjirit!l icrt Fru]tiers, qul soclE partlcollers h ce Poyfl, le pin?# remarqutibli^ 
mirt r^acanlem * * * Le I'acane est un?? Xoli ile la lf>njcriuniir & itp 

llfnrns (I'Tin j 2 tiiw Glfl^^l. II y ea n, ^^»nt la iNKpie €*sl frrri mirii'C ■ ■ * 

Toetc« BonL d’uu goOt 11a A il^Umt, TATbrc qul 1 m jwjrlc, vient fuft Imut; 
mn ImlSfc mn ectirwn FiKlctir Sl 3a fl:n3:rc do pcs foulltE^ rn'ent paru 
r?embSd>Ees njn: il'EiurrTTe,* 


^P^alcflut'i tlcJitlpd in JV^aTcrlti ot dev Frane^lH dAFifl H 

Llnsfl dt* Snd de rAiBi'irlftor jH^ptentrlonnlc. llcniolrik si 

nflTaa rti“ni;llJ4rt H pt|ti1|i^ [wr PIrrrt Uarerr^ Vtvmlf^rc F^romtlea d'utus CIulId^ d5 

i■n^t» ruin In FlflUTi' Siliat-LaarGDt ct Ifr Odlfe lia lipxlqiw tl5S3-1724>. T^tni* V 44!L 
ParK lliJSSL 

»■'PoTitrC','* uTi dill form of ponef,^ noAciog tbo ihusib, «i todlcALoiI Ifi nttlfrld 
icii3 (DlotEuDalnr Ijk LaajrHe II; 1TS4>* 

tbo a]Buu» of tbo Ai an old lo^iuore flf leoi^b it pqMji thp t^rlfth part of thr 

old Fn^fii'li i7t, rii'^AhlT, a raodfztk I Bell. 

ftn; Ihroe iortft of wlfltUn, Thpra are mtmv: with imbr am thp flit, and 

wfilrti kteto in ntoking brwl fcir tleir Haqp, bat Ebo bflrt era soE Ihaii the ttinnh; 

ihej ml! thrm p^Knaji, 


^TtaWaltoft, IL El,^ Tlao H^laHaBa anit AlUrd UrMnn^atN; 

■ Chnrlrrolx, P, P,, jQomal dan Vtf^mt^ mit par onlfti da rol dati# i’Ainert(|ap wp- 
ttfalrioB^k; ndilixra^ ft MidAinp la do Li'AOlETtf^rtVr ™i»lltulii>jj Tola. B end Q 

of [IlAtoIre et dsiwrlptlop E^Bemlft 4r la NouTtlU FrtnM, Af. Parla, 174-1. T. fl : na 
IrfUre XXVIIJ, 

Ao^riiiff the frulta thnt nr? iwilliir to thli t<iqfUrr (Ufl mwt r«anatkitile are tho 
p^Ba * * « ifljp Is n j 3 tjt hifinp Ihr Ifinffih and foTH] of a lar^e acom. 

There utv. thoev with a tery thla ■holL ■ ^ ^ and delirate tA 4 ite; the 

JTW wtlfh brmfm. them irrowa ?ery high 7 Ui wood, it* tiarh, the odor^ aud Ihe uhnpe of 
lae JcBY'e* appear to mr afmllat eauush lo ibo wdlEmU of Enropau 
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It. wfutlcl swm dear dint ChnrkvoU is here referring to n cotisider- 
iililo number of forms iind without tuucli doubt inciudcs in {ho term 
racitfte one or more types of hickory nut with tho pecan as we now 
i]se llio ternv 

WhiJo dcseribing in his General History the adventures of La Salle 
lienr the m(iiil]i of the MiKsiBsippi River in 1035, Chnrlevoii seems to 
indicate that ho might have found this nuL A form of walnut 
described as ‘'krgtr than the ordinary ones^’ and ‘*very good’’ is re¬ 
garded by hia translator, Shea, as the pecan.' The evidence here is 
so incomplete, however, ns to leave room for doubt on this point, 
altliough tilt; guess iiiey perhaps be correct. 

At a Komewhnt Inter date la; Page du PrntK® described the Louis¬ 
iana country, and in diEciissing tlio various nuts growing in that 
province wriU‘ 5 : 

n j’ n encore liw PaennIetB dont le fruit cRt line do tiolx fort petite 

^ <]u oii prraJrclt nu coup .I'ocll pour dca Hnlaetle*, parwim’ elles Da out lii 
n.rajc, Tn wateiir, & Ee ™iud au;*s! (L-nJre; matf cn .)«ini,s ,.|jc* ^-nt tigari^ 
wmtne lea floji; el|,« ^nt ptu., tieilcates qae Ics uotres. inoltw mmieoites & 
d «a 1,-11(11 fft m, que Idh FrnacniJi en out (Uw prillJnf»! au«il Itoiines que caltca 

Ue translator responsible for the wonlingof the English edition 
of tninalntes as no mention of the pecan 

coming to my attcnlion in any other place. That this historian or 
ani o - nee tiTiveUng through the lowlands bordering the 

tower Mississippi or (hose of its tributurieg would be likely to miss 
tJie pecun seems to me very iinliftelr. 


IXTJyiliUt’TION THE EAST. 

Conwming llic introduclion of the pecan to Eumpean civiliza¬ 
tion, the writer has s«n nothing to indicate that either the early 
^panisl! or the enrly French csplorers nccoiiitilisluid this. However, 
It lb probable that the ,»ciin wag ctiltivat«l in Spain perhaps before 
It was grown either in France or in England. The pecan seems to 
haic firet k’come known m the English colonies in ITBl, througli the 
iKtlriiiist John tJartram, of Philudelpliia.* ^ 

wnia be t«kni »t flfil |(Ui4» n CJbTrt. ’'*'*">» 'Uat 

Uv* IlkcwlH Uiln rtHL, hut InUfD^llr tLrr *pp iliDK-i Uk^ ih^ *“r”' *im1 

drlleate thati «ur (xwp, T™ ellj, pad waiiitit: Ib^j 

Bf ailwnalp. I.r «f tlvni, s» goed .. tw uartf 
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On August 14, 1761 j Bartram writes to hia botaniciil friend and 
correspondent in London, Peter Colilnson {p. 232) : 

1 liBve nut been at tlie OUl% but have many fr<^m tben?. But 

in tlK>Lit twci weeks I hope to feet Oiil tn senrcti iwyBcir, If the ImrtwimuTJ IndLeuis 
iUm^t hlinkT tikii tnihl tf K a mnrtyr to botany « CIo^I'e wHI be done; II ta will 
tie ilisne in all Uiiui^s} * • *. 

It will recalled tliut at tliis time the French and Indian War 
was in progress, the English under Hie lead of General Forlics and 
Colonel Bouejuct having euptnred Fort Ducpiesne alx>iit two years 
bcifore and named it Fort Pitt or Pittsburgh. Thither Bart rum 
seems to have gone, probably near llio date astugnetl, and from t lienee 
safely returned, since on December 12, l761, he seems to have sent a 
box of plants and sectls to Collinson which pri>voiced from the latter 
the following s|xjrtive cooiment, dnte<l at liOndon, April 1, 1T62: 

I reaHy beUeve my beaest John Is a tfwf nnU hnA i^at me sctpii tuLml^ 
flteaj Ke€Mjs^ Boiiastliliis: ahant^^l like au aenmi tu ui ^; tor ibero Lh dd mutie 

to UieujL I Lave a vast eeUMlen at seetl^v but nmic Ilka UieuL I do laa^h 
Gontea, fL»r be tlmkii ta be a of Hickory * * I UUuk tliey 

may be wtiat 1 wlsb, at^eOH ot tho tinoiiuc Tree GaMikjctaifuJi lAiuu 

whieli tlipti pIckAl up In tby rejubles on tlie QUIUp 

A footnote, probably by the auLlior of the memoirs, states: 

Gordon mnile UecMetUy the best yuc49, fur tliu^ie titony seeds " Mere no 
doubt tho natfe of the ^*ccan or iTIInols Hickory (^or>a i?7triJc/orwitffi, NutLV. 

In reply to Peter^s remarks, John Bartram says: 

Tho hurtj nuTii E sant were mo »i r]tt«l!mit;h by CoIodoI Bouquet, He 
called thom inckary duta^ lie bad them from the euuulTy of tbu ILIIeuiLsi^ 
Tlieir kt^rtiul m‘h 4 very weeh 1 aiu nfrahl they won^t spruat, an being a year 
ohL tiSaL; 

Thus the nuts tiblained by Bartram in Septemlwir, j^erhaps, 1761^ 
were in England very early lu 1762+ 

A letter from John Si, Cluir to John Burlrmii locates even more 
accurately the date of bis visit to Piltsburgb and the date of bis 
receipt of the pecans This letter is written at Belville, Noveiiil}er 
4, 1761, and knyu in part: 

1 cfiaj^mtulMto yon an your safe arrlTa] from rirtaliureli * * *. f flvo 

you many tbaakfe for tlie valuable <(£^017011} lilckory uuts, J aboald have 
thanked yoti sooner fur ihom, hut I waited to fico If I waa to ^ on the- oipcfJI- 
tioa {to AfrfiL'u) thill la flttlng^ outi 

It is probable that Belville wm at the end of no long journey from 
the home of Bertram, since St, Clair closes his note by inlying: 

If you will itoml Hityhedy to tilts place to brSnjj a cow for Mrs, Hartraai^ she 
will oblliEe mo In aceoptlag of her* 

^ It may, thereforcj be nksumed that little time was lost in tmnsit 
either by the nuts in geiug to St, Clair or by bis acknoMlLHlginent of 
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them yhpn once started for PhikJclpliia. Mnldiig Ihcfio assunip- 
tioiiB, it seems probaljJe that Bart nun roturn&l with the nuts some 
timn In Ortolier^ 17fl, 

Tills clirouolugy implies a different and earlier introduction from 
tliuf refcrretl to by Brendel/ T'ho says that the tree “ was iinkinmii 
to the English colonies initil the jwace of 1702 (sic), where by chimoe 
sqino far traders brought a smalJ number of nuts to New York” If 
the for tmdera hero referred to waltixl unli] pea™ was signed, they 
could hardly have come to Xow York until tlie fciilowing j-enr, the 
treaty of Paris being dated Febnniry. I7ll3. Tlie account given bv 
Brcndd is followed hy Sargent,* who in turn is t^noted by Ilelges.* 

It will l)c noteil that llms far the nut wus known to the Colonies 
only froni tlic northern portion of its range, along the Ohio River, 
Illinois River, and in general from what was vagudv known as tliu 
Illinois country. 

The soiitherii range seems not to have berome known until somo 
years Inter. I he Spanish traveler and writer, Don Antonio do 
IJloa, m ti-aversing the region drained bv the lower tributaries of 
the Mis^^issipp,, describes the trees of the region and gives a dcscrip, 
Uon fuller than any earlier one that has come to my attention, ifr. 

, * Department of Agrictihure. has kindly trans- 

mtcci Llloii fi stuUunent^* 


ml r !? "I "" ^ pwaltiir to 

.1. fwtuch la u ldn<] ut walnut of 

^ter brnljf than those (walniits), hut in wo«I Dial leaf very aluiITar. -pile 
^ t ^ In tjwte rfmllar t(, ihntof the walnut, rann. .leTtcnte niMl with Ls 
pofiaimtiD of dll, la form ic la ditterent, aaj rtajmhiiM ihue*. hclns in sii-« 
n!n»«t the mme or d little Im. The shell ts thin and ptnoolh nnd without iho 
njUgliDidd^f n'^hk'li Uie Wdintil 


This account not only points out another part of the w ide area 
occupied by tins tree but repeats the nativw name used in 1712 by 
Matest for tbo nut found in Illinois, the niuiie that in a niodtbtHl 
form has c«tnbIL-hed itself in general usage. 

Perhaps the first aetnal introtluclion of the pecan into the East 
from the South took place late in 1790, when Daniel Clark, ir., of 
Now Orleans, at that time still Spanish territory, sent a Los of nnt^f 
to Tlioiua* defferson. then Vire Prt^ideiit of the United States at 
Philadelphia. Clark wrote: ’ 


' fSf^dtl* Fraltrfrt, TlLjtoHif&l Avtcb of tti^ Af hnfnji* tn a I 

ta«o IMS to ism, Sohinimt. U; 7GT l1^ ^ 

tamripm. Cborleo Sptspir., Thr Silva ot .S'orlh VM ■ HO 

FILua^ ri|r,^ JN atJrliW Amt-rir jub* ■■ Cnttelpnlfttld-n-iM mU t i-i 
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jSov OI;u^;A:^JS XoMWibcr, I7SS-* 

Sir, Aa miLDtr;^ prihLucEbH exfKLIfBat 1 Uhx k presuiiiciS tieitd to 

til A fliF0 of DcLiiiol Ciiso of Pill liudoliililij, a hEirr^l hunil jiloked ^ ^reU 
put \np] to doItvMitHl to you nuil n ha% of Paewin ruEh. tlieso latit are not I 
iiu[|et5;tnnr1 coromon In ih^ Atlaolic Parts of Uit U+ S, tLo* lliej prow evory- 
wlitro on tin? Bptnltw of lU^ Miroiljfislyipi from the IlllnoliA Kttier to ilm j^n- 
pjTitlj- In tho ]o\v KrtiuoOs nmj ovon In plEiofs oci-ajiIuiiaU^' csvcrflowM by tlm 
Finnunl vim of 1110 ^Toters, tho Tm! ^ 3 TJWk to the u-^u-ut sijus of the Foriwt Tn.nsi 
Rtitt nrronis n PloH^tfnl Khfiflc In Flnnimor^ It inl^dit he worth wlille to roUE- 
fate It \u VtrjylnLii for n.'W & omnniocLb J tpropcb^ tn Bend yoti tihnrtly bj 
wuy of Ibsltfemom If no opportuiilty offorn tllrwi for YlrtdriLft n PSntr of a 
minK-r^or kloEi whlcli I iiiu prfiinlatotj by u Friiiiul unil will ooeu^-^lnojihy tnto tbo 
iEbprty of iH'inllnj; yon pythlniy Hidch I lEitiy snippose eltb^^r vutv^ or curiutiH 
wkb you that I can proems 

Jeircrson^B pe|>Iy wiis not Bcctiy but imoHier letter from Clnrk to 
the Vice President^ written liny 20 ^ ISOO, se^is to tell at least part of 
tlio story. 

f um happy la thnt the fow Paeans 1 sent iim likely to turiL to sucTi 

^fjod nevoabtg nnd sincerely wish your Qrnve of them may flourish,* « • * 

Jetferson'a reply to this letter wrt.H also not seoii;, but again Clark 
ffivfB US n riuc to n part of its contents^ Jn n letter written July 20, 

. 1801 , when he recurs to tho subject: * 

3fi the Jnst lestijr 1 bad tht* boiior of njerfvins fmm you yen mention lhat 
ynur riiLeim Trees at MvntJtcello tbo pliniteil In 17S0 had hot hltherlo bore 
(sle) frulu This mu^t be owlfitf tn their beias r^iintod tn tew ele\^teil or 
too dry a tKiil as they bear Jn this Couoiry in ten or twelve years, iLniI Use ttvos 
tn their unturiil Stute are I hdlcvo AtwjijiS found In the Rlvin- Bottmns uud In 
pineei^ uei-nsloiiaJly overdoive^i at the niuuiaJ rise of tho lUverK, I have taken 
the liberty of meatlotLlit},^ tUEs CTrennistiiiiin^ thnt y4>ii may try the l^xiwrltnent 
on Honw yonnj? Trt'Oii I w'luj berewkti put up la u Oaso as well as ii few Oranne 
Trees which I hope will ^et safe to hand, 

EOTx^’TCAL DESCRIPTION. 

Tina only information about Ebis pecan available for mnny rears 
war? aiibstuntially of tbo ty[>e that could be gained frtjni travciera" 
notes, anti while these often designated the plant w'ltli suQicieni dear¬ 
ness to etinhle the informed reader to know wlmt the writers had 
in mifidT it could not bo suid that a bulanicnl de^scription of the plant 
had been made^ This seeru^ to have been duiio Bust by Tliomos 
Jefferson in his Notes oti ^ irginio, written in ITSl anil printetl in 
Paris under date of 178 j2: * 

E^iocan or Illinois nut. Xot dew^rtbed by Idnnnein), Miller or daytnn. 
Were I ^^ture to .Jew'rlbe this, s^M-aklni: of tlw friUt fr^aji lEieinoiTt «ad of 

Paprn, MAbUyrrTpiv Dtrlfllnih. Llbrurr ot Qanwvm^ S. X IQ, .\o. Ofl, 
Pw.psT*^ Eer. 2, toU J&, Xt 2SL muLEUcrlptA UbfAry of 

xri'jsfl. 

^^pircr»ti!i Paj>tn, Oer. 2. toL 1&, *Vo, 2X MnndKrlptji PtrEiTon^ Llhrary of C™ 

*Jfttfpnou^ TliomrtJt, Notr* pd the ElatA Of Ytrfititji written In tlU!^ jf^r iTSl, hibg- 
whnl rorrreted an4 In tht width- at l7^, for th? cf a roprlafter ct dlutEnc^ 

t Odp la ftniwGr to cortAld querlt* |^jQpo«*4 uy him, Pazisv 17 B 2 : C^L 
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ihe leaf fniin (thiiits uf two yrars" growib, 1 HbaulU BiPecify It iis the JuffUtu 
ottHU fnllulla Jiini^^btla, ueuiulJialij^ tQineoifuilH, fructii mliiorc^ 

ijT'dtrv cyiijj>reKSe, trlj: tnjwulpta Uuld, pe til mine It nr^wj* on Uie 

iniEKilBp Wjil»LNtt, Oliio ncid It is of hy iiiio V\hm uihIl-t 

the noiDC! of pumtiue. In his Notictujf Amerlentuk^c. KiitniL. d, 

Xot hmg after JriirefSon's (lewription had Dr. Ilumpliry 

of I'hikLieljjhjit. brought out his iiltlo book cntitkd Arbuu- 
trtim Auiorifuiiuniv in wliicb be refers very vagtiely and tnacriii'iitcly 
to Ibe liceaii under Ibe birminuil p^can, ibe rerun, or 

Illinois Hiekrry. ■ The range notetl is limited to tbo Illinois countly', 
probably iiiclrriiting that he drew Kis information from travelers 
who knew- of the tree in Us northern mnge onlyi The description does 
not siilHr^ to clothe the name proposed by bim+ itncU in my judg- 
tnent, the earlier and more accurate Lcitin diagnosis of Jeffer^Hiii 
should occupy the first pi nee in (lie DomenclEilgrial history of this 
plant 

THE NAJIH-: PECAX. 


It may perhops not be out of place to refer briefly to the variety 
of cpmmon Ufiincs by which tkis nut ha% been known. It sccaLS 
to hiiiti been i*eferred to by early Spanish explorers in Texes under 
the generul term uieaning or by tho more specific term" 

menriing There seeirus to he no CTidem^ tliat the 

Indians in that part of tlie country design at ed these nuts by any 
characteristic term, not lung to sugge.^t the W'ord or nny of its 

modificaiions. Tlw French esploi^rs. Father Jlarest ( 1712 )," at Iho 
northcni edge of tlic pecan range, and P^nicuuL ( 1701 ), at XatclicK, 
uiEje|>cnc]eiitly fel] to using the term pacanc^ the native juijuc found 
in use by both of them. Later French writors, in describing tho 
llissisiippi Valley or its tiibutarles, mention tho p^^tuu. Idloa, 
piiblisliing his explorations in the Mississippi Valley in 1172 , unlike 
his eiirlier compiuriots* ruonLiona this same rumio mider the ripnnish 
guise pamnm. This evidence seems to mdicate that the term pecans 
or some inorliSent ion of it was the name Used probably fron^ time 
immemorial by Um Indian tribes along the Mississippi and its 
tribulanes. This lenn was probably not used by the tribes living 
to tlio westtvard in the country drained bv the rivers which directly 
flcAv into the Giilf. 

The terms “Illinois niif^ or **Illinois hickory” were probably 
giien by the colonists of tJie Knst, in igimrance ot the Indian name 
that had found acceptance and usn in the ilississippi Valley by 
r Tench and Spanish fiH>m Kaskoskia to the fiulL Piohably the term 

^^lissisEip pi Nut ” by which George \)“ashingtoii dcsignntcil it in an 


ArTjHatrttqi Amrrkmuuini TO* Aracrtan lAnw or aci aitijialjct- 
^ Um ana uLniLm^ In tLe AunipfJnm L’nlt#4 HUiljei^ ar- 
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entjy in hia diary for ILitxli IL 1775, iraa given in much the same 
way. In 17S0 he uges tliij name “lUiooia nut’^ and in X71U ai>- 
proaclies tlie Indian name in the term ^^Poccon or Illinois mil. An 
interesting persistence of the old Tiulimi iiarno ^\^^s in use as Ititc os 
1S33 by Kenrick* * wiia rif ei*s to the tree os the pacano 

INTrtODUfTTION ISTif iniKOrlHL 

As fur as the %vriter lias 1 earned, the fintt jipniling of the poenn to 
Europe consisted of the nnts sent to Euginnd, probably in Jimuary^ 
1761, by John Bart ram, ivUicU so much puzzled l*eter Collinson. 

Tliomas Jeifer^m seenjs to lifivc iwrfonued the same service in 
France almut 25 years later. In 178G, while living in Paris as Ameri- 
can representative, }ie prot iireil a small package of these nuts through 
Francis llopkiuwni of l^hiladclpbia. Their corresiwiidenot! on this 
matter is here skelchet]. Writing from Paris on January 3, ITSO, 
JeiTcr^n makes ^*veml requests of Ilopkinscm. 

The Utlnl (.'t^niEiUK^keu Lh uDore ai^tuut. It Ih ta pnwm*e lae tw« or tluw 
buatlrefl roieaiii-iiubt imjn ihu vrVfitejni craintry. I espect thej enu alwitys tie 
lait at PltLzcbari'li. nm Lii that by yoitrseif or year frleaC^ 

nEtentlve jietavTi there nmy be ervKUh'cd to &eiMl tbcui to yau. Tbey sheaJtl eoiae 
jts frtsjih os pef?0iblei anil come ttcst, I li^Ucve, In a I™ of mmh Of Uds Bar- 
trsLin TOuJil best advice >ou * * 

HopkiriM)n seems to have been in doubt concerning the identity 
of the out going umlcr tlic lumje given by ,TeffcriiCiii- In answer to 
his inquiry, Jellersdii replied from l*aris on Dectmiber23^ 17SG: 

Tbe iPQCvoxbuui Iw, aa you wujertnire, tbe llitnele nnt Tlie former tbe rah 
ouiae muth af tbe I'otoiDiic, an al^ wftb ttie ]iiiUnn.s and ^jmnlards. and 
enters llIm^ inii> the B^amilcal nanie^ which Is Jaffiaus J^cvctin.* 

This in format Inn seems to have salisfleil llopkinsou who probably 
pmciirei:! She deiiired nuts. At ail events, among the uncatalngued 
Jefferson mnniiHf'rlpls in the Library Congn^s is a letter iiddressed 
to liViliL Deliiicstre ^ Pic. froiii Paris. July 13, 1737. in which the 
writer tbtiL“ii box of paectui nuLs^ be nailed up and sent by 

diligence jiml without cichiy at local customs houses en route. These 
iu-^tructions to this liriu wern clesigneil to bring llie iiubi with all 
S|>ccd from the port of landiiig to Paris, I am unable lo say who 
riL^eivetl tln>se mils and wliat Use recipients may' have done with ilicin. 
It is quite probable from the iiukIc of packing specified that they were 
wanted for phmliug and some nuiy well have found their way to 

' lUwarEb, Cdul L., OMrpfr Wm idi-ln|itoD Fejrmer, J biiliifiJLpizilli. E^ ICO. 

WlUliiiu, *rh& AnurrliTiiA OreItJifillvt, gr ml iKieouDt uf tho luwit rOJ^ttlc 
pf frill 1, lOqptifHl tu lOlltlii^tlc^n Iti tOft t^Umatp pf Uiv UoLt^ Statvi frgia 
at aa* t« 45*. ptr. Boitpci. 

■ yrCctiKEiiH TtMjnutftr The wrltinoi oL Bj Tfeuniii MnHiuflal 

WMfaJhirlgni D. C., lb iau4- Vob &:a43. 

*lh!d_ \<mL 0!21. 
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Jefferson's good friend, l■holliI^ the director of Uio Jurdin des 
Plantefi in i^nrb. 

liVRLT ClJLTn’ATlOX IX AlHIIirrA. 

It is perhaps impossiWc to state the date of tlio first pluiiting of 
this nut in Arnericii, oiiJ I’-Oflniprt eijuiklJ^v dillletilt to asceitnin who 
made it. It seoiiLS fjiiite posdllc, however, Hint the oldest cultivated 
trees nre to be found in Mexico, Oiulcrdonk^ in iDll reports seeing 
^ums gnwing on iiriguled lands at llustoiiieiitts 100 ndles leyond 
Laredo, l^a.s, which he tikitiinatcd lo have ttiuched an n^o of 200 
years. This fnr uniiHlatcs all known plantings lu the Colonics of 
the Atlantic coast, 

AiiMkiig the castevn Colonics piccedetice seems to btdong to >rcw 
lark. According to Brendel/ William Prince in 1772 planted 30 
nuts IQ lus nuascry at Flushing, Umg Island, raising 10 plants f 8 
gomg to England at 10 giiiiictui apiece, 2 being kept for reproduction, 
^0 phiniing made by Prince did not long anticipate ong mndo hy 
nilliaiii Haiiiiilnn, proprietor of |}ie famous gariiens near Phila¬ 
delphia known as the Woodlands. Hamilton, writing to Ilumphrv 
’ Jesmbed Ihis tree so badly, says in a letter dated 
The WoodhuKls May 3d, 1?99-. i^^fcrring to the disastrous effects 
of a recent heavy frost: 

j '^htch 

J n^iBcc] ftmi la kllleiL 

The date of planting of this tree would have been in 1X74 
It IS well known tiiat. George IVashingUm waa an euthusiastio 
g^wer of interesting and novel plunta, nuimteining a siiecial plot 
of gremnd for expen mental piirpases which he often retere to in 

Ganlen.” lu an entry for Mtu'ch IL 
3<(5, without doubt describing his planting operations for the duv 
he writes: * * 

f white pMche, fwHi l>blln.> 2a HIsbIhsIi.N yuL^^m^hlus 
law lii; nut— hut louj^r, tliinwr Blirlld nml uf 

This was probably his first plunting, since lie takes the trouble to 
describe the nut. Tins was followed in lim by u second record- 

UH:^— 

WHtiie9i|«}-, 2H (Mny, ITSB), plnnti-^l 110 awHl nnnt me by Colo. iVro. Wjiah- 
Inatwi ni„l Hiil.t by btai to be tlie ■s?e.l «f tho Inree or I-oiirel of 

zi':: nr s'.?; .rss - .«■»- 

•I«1T7 *f U^ebry Uanb.n. lSlP;SSd. 

MTUion. Ubr,rr or t- 
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OinaLLun • » ■ Alist^ il af the lUKuialfi NuJa; enmirleutluK ttl the Ni>. 

tiie p!fc>e« of 4i IkiW Jii my Dolonletil Givnleit in wlilda on tlie — tiny <Jf — I 
Glcmccfltcr hiccarj^ XuCfci.* * 

Wc no;o Lliat de^ription of the plimt writtM in 17S1 

tvas ill part drawn from |diiuts of two yt‘ars‘ j^owth, A study of 
]iis Garden Book under tluto of Mitrcli IT, 1704* rcveula thiB entry: 
^ Planted *iE>0 piieean uuts and seudii of Kentucky eoffco/^ (1*. S0.) 
He also records a ntueh larger planting 20. 1602. Also planted 
a great number of Paccjui iiuts, ki the same rows of those planted 
the last two yearK."^ (P. liO.) Tliis reference to plaiiLings of ^the 
last, two years ■' seems lo refer to unrecorded plantings^ including tbo 
nuts frtirn Glarkj of Xew Orleans, which ruight have given him the 
young trees referred to in his drijcription. He mentinns atiolher 
planting of pucciins” on JLireli 1? and IS, 1812. 

One of the most interesting of the old trees of Germtintown, uuiil 
rclati’ioly recent yeare^ was ii gi'own fccmi u nut brought back 

from (he Arkansas country in 1819 or 1820 by Thotnu-s XuLtalh The 
botajii-st pre??*intcd the nut lo Ills friendj Ketilxui Iluinos, n man 
prominent in seientilio and agricultund circles in i*liiludelphia, who 
ill turn gave it to his neighlxir, Demid Passtorius, who planted il. 
Tiie tn^o reached a large sme and bora fruit.^ This history is taken 
from a very interesting accoiitit of the rare plants of Genuanto^™ 
which presents much hisiorkal infonuation in atIditJon to Umt indi' 
catod by its tiilc, 

A cmx^fid search on the old estates of the eastern coast would in 
all prohability lead to the discovery of still other early plantings 
which might prove higlily mteresting/ 

IMt'ROVmiENT OF TITK PECAN. 

There is perhaps little to be said on this part of the ssubject but 
even in early days some mdications are seem of coming efforts to 
prove tho nut. The recognition of locally wtdl-knowii nuts of a 
superior typo is diivctly asserted in Clarkes letter of iT^i^ to pTeffer- 
fflou. Tlid perpetuutiou of tins superiority ihrougli grafting or bud¬ 
ding would luive lieen a valuable advance. On August 2^ 1768, Jef¬ 
ferson records in his Garden Thiok thut. he inociiluted English 
walnut buds into storks of the Black walnut” nt his old honiCj Slmd- 
welh had his duties left him at Monticallo we should fierhflps have 
foiinil him budding [iccans at a later dale. So far os I liuvc learned, 
however, this cijwrjment was left for later hands. 

^ TriRTf or WmhlnjfiiDa. Vol. 22: HCSi, 

* JflEsit, Edwin t;*irHaa.B.towis Old cod "Sew. lEn HaO* ■.iii5 ?ffll*blp PlmtUi*. Tl. 

^ ThtTAEu Jefmoa nnd Plonte-lii. AmtfltaB. Hat 

potman!. 1^17. 
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Wlicther or not to Abnt>r IjJtndruni belongs tlio credit of fiKt bud¬ 
ding pecans. 1 am not abie to say. However, on Fcbrviaiy 28, 1823, 
ho reports ftotii Edgi-iiold, South Carolina, the results of experi¬ 
ments made iii building serem] difficult speoics imd euyai 

The pwoo Warifa olfrap/ornt^j) did tLpp&tr lo take m well aa the wal¬ 
nut but my trJalu were luade rather late In the ueaiiuii.^ 

Ill experiments curried i>iit during tlie yeur 1 S 23 be had better suc¬ 
cess. He reports lute in lliut year; 

I htkvo^ ihb fFUmnaor, Imddn) iwme ilozeiifl df the peean oil the eaminon blchary 
nut, wJthuut a sUisIc faUuru aw y^eft ; and mrnu of tiiem un? prowlng^ Uiwly-* 

The notes liere ooUecUxl are to be rogarcted only as a fnigmenlury 
t^ntrihution to the history' of tlds interesting subject 


< AniFrienB Farnit-T, 4 : T, 1322 . 
•ililil. 4:2ita, tajEt 




FLORAL ASPEt'TS OF THE HAWAIIAN ISLANDS. 


H¥ A. S. HircucitcK, 


I Wltli l»luLC:vl 

The florii of llie (Sandwich) Islands is of umisnal Writer- 

cBt. becHtise the irronp is the most Isolated npon the g^lobOf Disregnrd- 
ing mere reefs or blcts, the dii^anoe^ to land in the various directions 
arc: Utnilneka* miles; San FraneiBco, 2400 miles; Samoa, 2;203 
miles; Yobohamfl, 3,445 miles. Because of this isolation tiio native 
flora is peculiar and the endemic element is proportionately large* 

During rJie summer of 1916 the writer visited the Hawaiian Islands 
for the purpose of studying f.heir flora* To these investigations ho 
wa^f assisted by his son. A. E. Hitchcock* Collections were made on 
the six larger islands of the group; that is, on all except Xiihau and 
Knhoolawe* Brief rt^xmrits of this trip have Ijeen given elsewhci^.* 
In the prcitcnt article an attempt will Ih:! made to give n general view 
of the more prominent features of the flora and to record Mie impros- 
Bton^ tbsit appeal to a botanical traveler. 

'Hie climate hi strictly tropical but, because of the pro.xuiiity of the 
ocenLQ and because of the m^crating lufluonce of the trade wind, the 
temperatures are not unpleasantly high. The summer daily maxi- 
nnun is about 85“ F. at iTormlnlu. At higher altitudes the cli¬ 
mate is cooler and on the summits of ihe high nioiintahis of the 
island of Hawaii there is much snow, some of which persists thro ugh- 
out the year. The rainfall varies greatly in differeut parts of tho 
tame island. All the iHlatuls aro mountainous and the niountalna 
intercept the trade winds, causing a hea^y rainfall upon the wind¬ 
ward side of the islands. The lee side is dry or even arid in pltw^. 
In the vicinity of Honolulu, which lies on ihe westerly t^hle of the 
island of Oahu^ the rainfall ol the wliter front may lis ns low as 
15 inches^ but increases rapidly towartl the mountains to the east^ 
at the crest of whichj about 6 miles away, the rainfall nniiy be as 
high as 300 inchest. In general the rainy seasori is frinn Kovember 
to March, but in the Weinitr of the mounUinB the rains extend 

^ E^aplDTitlaaE uuA FlpUl-Wfirlt of ItiB JantlniUon la lOlfl {Stnlttu. 

ColL VoL oe, ao. 17* p. ^ baumlcal trtp to llw HawaUiB UUmU 

¥ol s, p. ires. uHi fL 

4^i> 
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Uirotighont the thuiigli iho ariioimt uifli' be greater during the 
winlcn One a/ ihe rainiest s|Kib is the summit of Wnialeale* the 
highest peak nf Kntiai {5,170 feet)^ where the minfall hi (m mueli as 
000 inches. Professor (.'[Luipbeli iihjords the rainfall here as follows:^ 
wn, m>M laches. 
mm, inches. 

mi4. aio ixi ail lies. 

51iO.{W (Tirltca. 

miQf 530.70 iaehca. 

Tho chief agricultural indiLstrie^ of liie islatids aix, the production 
of Sugar, the raising of ^ock, and the growing of pinca[}ples, Siigar 
cano is grown on tiie lowlands of OflJm, Knuui, iJaitl, und iTiiwtiii, 
w licrc BoUirieiit water is nvnilablo eitJiur from the rainful] or from 
irri^lion. The mnobes for stock ruldiig iiro on the plaliis mnl 
frwlcs* slopes on tlic leewjird sides of llie islamlsj especially on 
weslei’ii tmd nortlicrn Hawaii, wcatern Mulokai, nearly all of Laimi, 
and the wcstcni part of Kast llluui. Pineapples ace grown cliiefly 
on Oahu in localities not well suited to sugar. 

In earlier days lioi^ cattle^ hogs, luid gciats wetu intitnluced und 
allowed to run wild. Tlioy increased rapidly imd becamo a meuaco 
tu tLo vegetation. Large areas were almost denuded of iiutive plants 
and their plate Las been taken by introduced weeds, especially such 
sJinibs aa guava and luntann. In recent years those wild aiilujalfi 
have been hunicd luid killed to such an extent that they urp now 
nearly exteriuinuted, a few Hocks of goats being fuiiiid in the more 
inncccsiblo canyons, and aniall lierils of jiigs in the upper forests. 
Mtich harm to the native vegetation Las been done and immy species 
linvo been greatly restricted in their I'ange, some sijccics being actu¬ 
ally exterminated. 

Land I list has been denuded by stock ia subjected to the danger 
of further denudation by wind in the drier regions. Wind erosion 
is especially luiticcable on the norlhern end of Lanai and the north- 
weatern par^ of Jilolakui. Kahuohiwo, u small island not visited bv 
iiH, is said to have suUered ''cveroly from the denuding effects of 
thcL strong trade wintl. Thb bland lira in tho pnfh of tiie trade 
wind that blows between the mountain uiusses on East und West 
Maui, wlvile the low-lying part of Unni to tho north receives the 
full force of the wind as it blows between Molokai and West Maui, 

Tho islands ore of volcanic origin and ibo loeks are practically all 
Tolcaiiiu. Tha isbitd inoas ri^fe^ from the ocean IUmt nUmt 18,000 
feet below the aurfaw. The gnjat cones of the liigli inoiintaitis of 
Hawaii tMatimi Ki-ii, feet; Maunu Loa, 13.0T5 feet) give the 

unusual difference of level between the HUiiiinit and base of alxmt 

191 ?''^" It, €»ispb*IL An eitnvwlltuir, tmUltnU iWflriL n 
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32.000 feet. (le^olof^ically Kiiuni h the oldest islntttl and ITLivraii ih^ 
youngest. On Kifinsii nre found deep nml nigged ennynns the reinilt 
of iipredong erosion^ f>n Hawaii vast stretches of lava are as fresh 
ns if ilie material bad barely had time to cool: and several Hows havo 
broken forth within the last oentuey. There are iTimiinerabla small 
craters dotted over the main jiinnntam mas=. Tliere is a great 
Tariety in the kinds of lava. Some of the cones are made up of cin¬ 
ders^ a soft matedal that yields to the foot like F.antI- Others are 
made up of hard lava, of which two main divisions are recogoisted, 
no aofl pivhoehoGt Hawaiian terms meaning rough and smooth. The 
former is oxeecdingly rough and broken and presenls great difficulties 
to the traveler who attempts to walk over its stirfare. In the course 
of time the lava disintegrates pufTirienny to allow vegetation to 
obtain a foothold. ITe advent of plants is hastened by moisture^ 
tlic lava beco]iiing covpivcl with vcgctaticjii miirh sooner in tho regions 
of heavy rainfall than upon the arid slopes. 

It will lie imjjiossible lo give an ocologiciil sun'cy of the islands but 
it may bo of interest to present a brief account of the flora and its rela¬ 
tion to environumat as U. imprests a visiting botanist. 

The rntK^t frtriking liotatiical feature that gi'ects the tdivclcr on Ills 
arrival nt Honolulu is the disjilay of ornamental plants, including 
flowering tn'cs, Khrubs, vinesj and pliuits grown for the beciuLy of 
their foliLige or tlie stateliness of tlteir habit, practically all of which 
are of foreign orlgiiL 

lliere is a great variety of palms^ including such pinnate-leaved 
species as tins date, the coconut, and greatest favorite of all, the royal, 
and muiiy fan piiluis and i\ few firiilall piilnis* Thn stately royal 
palm with its smooth colum nar trunk is a familiar treo in parks and 
private grnunds- 

AmoEii tJio street trees there are the pink shower jtodtmf) 

With large racemes of beautiful pink and white (lowers, the golden 
shower with yellow tlowers ond woody, smooth, 

stmight, cylindrie ptids 15 inches long, both with targe compotmd 
leaver?, anil the flame tree {Det^^nLr r*VfiiU) with great masses of 
scarlet ftovsrQr^ on the otherwise niikeil brandles^ the leaves being 
deciduous. The monkey-pod or rain tree a 

large, round-topj>cd or imitrella-diaped tree with an immense spread 
of hninclics^T h common in parkas. 

Among the shrubs the moht eommoii is I he liibi^uis, uf ivhteh then^ 
are scores of varieties, involving .^evend ^pecki^ jespecially ///Ailtcwa 
riwa-jsiWn^/^). These are comnsonly URcrl for hedges arid prealtice a 
continuing crop of large, bd 1-shaped flow eis, vnrjing tliretigh shades 
of white, pink, aiifl i?C!irfet. Clambering over fl wall around the 
grounds of l^uiuihou College is a Hoe growth of night-blooming 
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cereofs. Tills hiooJlts en iniisse nt intervals of severial moDtli^ nod 
produc.^ a renin rkp^do disj^lay. The flo^vers open in the evening 
and close the folbiving morning, so they most be observed by the 
light of lanterns^ Tlie viriier was so fortuntite as. to obtain plioto- 
gniphs of this hedge early in the morning. 

Two shrtil® are very commonly uised for liedgKi, but it is the 
foliage instead of the flowers that i^ attnictive^ Ona Is the nralypba 
(Ac(iI^pA4i a plant of the family Eiiphntbiaceae, witli 

simple leaves of various shades of brown* pink^ ntid yellow* TJio 
other is a apecies of the family Aniliaceae {SotA&panax 
with pifinate leaves, censisting of five to Bcveo w'hite-margijicd 
leaflets* Tlso croton {Codiaeum ^ an ally of the. 

acalypha, is sometimes uj^i for ho^lges, but more often is grown 
in clumps ay a law^n ornamental. The narrow leaves are viirioualy 
spotted and mottled and often spirally twisted* 


Among tbo iiunierous orantnental, w’ooily vines is the bougain¬ 
villea {B. ^pc€falfilk)^ which produces a great profusion of rctl or 
purpio flowpn^ Wlmt appear to bo flowers are, liowever* showy 
petaHike bi'acts* 

In addition to those mentioned them are sevcrwl thftt are familiar 
as cultivated trees in California and soiithem Florida, such as the 
pc'pper tree, mango, ironw^ood ( e^Hisetifolia)^ banyan, and 

yellow poinciana (Petiopf^rum injcr/ju?)* 

An iini>ortant arid common exotic tri^, hut now thoroughly natur¬ 
alized, is the iilguroba nr kiawe {ProA&ph Julffi&nt), Contmry to 
the usual experiemt! where foreign trees nr shrubs have been intro¬ 
duced find then run wildj tliis tree has iiroved to he a great blo^ng 
to the iLuvaiian Islands* The origiTiiil tree still alive on Fort 
Streets IlanoluliiL where it was plantetl in IS2S by Father Baehelot, 
founder of the Catholic ^IL^Ian* The algamha now occupies ejc- 
tcinsivo iireas in the lowlautls on all the islands, especiallv in the 
arid belts nciir the enast fHi the lec side, where it fomi^ forests to 
the e^cclusion of all other plants. Fortunately it js very Uisefnl in 
two warn The flt>wers are the sonrte of honey of whu-h com mod it v 
blindrcils of tons are produced aIu^uall 3 ^ pods furnish a nu¬ 

tritious Feefl for ftock. Tlie foliage is not eiiU^n }>ut the. pmls as they 
fan from tho trees lire mpirly soiifilit hy all kintla of domestic 
animals, mid in the drj' season are an important or sometimes the 
only soun’c of fomgo ii]joii iho randies. Their value as foilder lias 
led to the invention of niLidiinery to pulvirijM the juKh? k).> that they 
may be more minpletely and i-rononiically tiiied. The algamlm is 
freely planteil us an omaiiiental (rco his^^aiise of its grtteefitl asijcct 
find feathery, drooping branches, * 

ContRusted wiih the satisfactory results fotlowinB intmliiotion 
of the alguruba wo hav® the conspicuously disastrous effed: of in- 
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(roducin^ tlio lantanA fttit] ^hvh. The; l^htan^ (i, is ml- 

tivated for orooiDimt btH:au&e of the flat- topped of pink or 

lavender pnrti-coloraJ flowers. It lias run wild and now occupies 
hundreds of acre6 oii th^ dri^ part^ of the dopet^ heliiw the rein 
foreist^ It Is of no value and occupies the soil to the exclusion of 
pasture plants. The gtmva, culLivated for its fruit, about the siKe 
and appearance of a Icnion^ froin which the delicious guava jelly is 
madcH has also run wild and occupies large ai^cas of pasture land, or 
w^hat w'ould be pasture if these two pcsiiferoua shmha could be ex¬ 
terminated. 

Another introduced shrub or tree is the prickly-pear cactus 
{Opuntta m€gacU7itha)^ Tliis plant bs now common on the dty parts 
of all tlie islands, sometimes formuig forests. Howeverj it is not 
entirely a pestj for in times of stress it furnishes no inconsiderable 
proportion of the forage on the ranches, because the cattle have 
learned to eat the juicy joints in spite of the numerous needldike 
spines. 

Tlie native flora has been almost entirely replaced by introduced 
weeds in all the lowlands^ espcdallj in the vicinity of the towns. 

All tlie islantls are uiountainousw Kauai, a nearly circular island^ 
is mount ainoiiB through the interior, the highest point being Waial- 
eale, in the center (SdTO feet). Oahu has two ranges of mountains— 
the Koolau £ange on tins ea$t and the Wuianae Range on the west^ 
the highest point being Jlount Kuala ^ in the latter range {4.030 
feet). Jlolokai. an oblong island^ bos w range in the eastern half 
along the north side, the highest point of which is Katnakua Peak 
(4,058 feet). ^luui consists of two mount am masses — East and West 
iifaui—w ith a low isthmus between. The highest peak of West llaui 
\b Puii Kukui (5JSS feet)* East JIaui is centered around tha im- 
tnenfic emter Ilalenkala, said to lie the largest crater in the world* 
The hJghegt part of the rim, a point On tho western side, has an alti¬ 
tude of 10,032 feet* Lanaif a small island west of llaui, is mountain¬ 
ous on tlia eastern sidcj rising there to about 3,500 feet* lln wnii, th^ 
largest island of the group* ia truly majestic in the hel^t of its 
mountains. There iiro four mountain groups. The mass of the Island 
is made up mainly of the two great cones, Muuna Kea (13,325 feet) 
and Mauna I^oa {13^675 feet.). There are two lesser moamtcLin groups— 
the Hualalai Mountains (8,260 feet)^ near the west coastr and the 
Kohala Moimtains (5,480 feet), in the projection at the northwest 
comer. These mountains have a high rainfall where they intercept 
tlie trade wind* the region of gresteat precipitation being at the sum- 
mit and somewhat to the leeward (except the high peaks as noted 
below). The Huahlai ilountgins are coinparatively dry because 
they are in the uf ^tauna Kea. In many places the slope is grad¬ 
ual from sea to eummit. In fact, all the moimtains arc, in general] 
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1 ‘athdr tint cones, tho precipitotLs cliffs and vdleys being due to em- 
siouj though thero Are high cliffs (pnlis) on the north and easst aid^ 
of some of the iiioiuitninB. ns the Kolinlas nnd the moimtains of SIolo- 
kfli, and Iho Ti-alls of the great cratersL A 5 one looks from the eea 
on the nnrrliesist cnn^:t of Hawaii to the enmmit of Mfiiiiia Kea* a dis¬ 
tance of perliapK iiO mileA? the slope is so even that it is difficult to 
convineo one’s that ho is looking np to s peak nearly 14-000 feet 
ftiKjve him. The faiiions volcano Kilauca lies on the southeast slope 
of Ttlauna I^oa nt an altitude of about 4,000 feet- In one part nf the 
large crater* about 3 miles ncross and 500 feet deep, is the lava pit 
called Ilnleinnnmaii^ a circular depression about li500 feet wide at 
the top and several hundred feet deep. The view from the rim of 
diis pit is estrcmely fasdnating^ especially at night. The. liquid 
lava seeniH to boil from tho force of the escaping giises and the waves 
prcKlutv a loiifl roar a« they splash ag^iinst tho margins* 

The distribution of tlie flora upon the iplanda depends upon rain^ 
fall, altitude, and soil. The rainfall is highest in the mountains and 
dre-rcascs toward the leeward side of the islands. The annual prccipt- 
lation in the rain belt is usually from 100 to 300 inchcsi but in some 
localities csoe<r<ls this large amount. On the southwestern sides of 
the islands tho rainfall becomes so slij^t that tho ciimato arid. 
Tlie rain zone extends up on the mountains to only 5^000 to 6,000 
fech Consequentlyj on the high peaks of Hawaii and East Maui the 
rainfall decreases toward the summits- The character of the flora 
changes with the rainfaVL Heticoj min forests occupy the regions of 
high rainfall, while the slopes of wcifterii ilolokai, Easut Matii,. und 
Lanai and the plains of central Oahu and Hawaii are covered with 
grosses and other herbaceous vegetation, with sometimes inteniiingled 
areas c^f opeii^ scrubby forest* The peaks of Manna Kea and Mauna 
Ijoa fire nearly devoid of vegetation above 10,000 feet* 

The grasses: of the TTawaiian Islands number alvout 100 species, 
incltidiTig the large number of Introduced weeds* The native species 
are les? than half the total. As grasses are inhabitants of open 
ground they are mre in the min fonests. A well-known* useful nntiva 
grains is tho pili {/letrropogc^n e&n/i>rfm) which ia a valuable range 
grass. This species was u?^ by the early Hawaiian inhabitants to 
thatch their cabins, the gnisses being festene^l to a light frame work 
to form the walls and roof- An intrn^luced species, Elilo grasi {P&s- 
pa^umr has become a pest, having become esUblished 

almost to the exclusion of other plants over wide areas on the wet 
slopes below the min forest* It in said to have been iutnoduced at 
Hilo from tropical America about 1840. It is of little value for 
pasture as stock will not eat iL except when forced to from hunger. 
Another rornmoti and equally useless s|>ecies* Pmpahim orhicid^re^ 
which seems to have receiii'ed no common namei occurs widely dis- 
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tribiitod in about the kind of soil tliat is suited to Hilo gmss, Pili- 
piliulii (f'Ary^o/JojfOir arifiulatm) is the iiiiine given to a pestifernua 
little covering mufh of the dry plain in the interior of Oahu. 

This grass, introduced from the East Indies, produces sliiirp-polntcd 
seeds which penetrate tlic clothing of those who walk through it 
and piodutT raudi discomfort, Bcirniida griua is ihorougldy natu- 
rsliKed in the drier localities and h extensively used ns a lawn and 
park griuss. Its native nunie is manienie, a name which was applied 
by the Hawaiiaiis originally to secunda/um, another 

creeping grass. The latter species is fretjnent in tropical regions and 
is known in the southern United States as St Augustine graiSL 

The genus Emgrostis is represented by seveml native species, most 
of which fire endemic. One species (A". varutlUiK} is characteristic 
of the wind-swept open slopes of tho Xuuanu Pali, a pass in the 
Koolnu Ilange east of Honolulu. Upon the plain between llauna 
ICea and Manna I-oa, a great Btoek-range country, a tall slender tufted 
species (£". afropioid^^t) is the prevailing grass. 

The genus PanJcuni ta represented also by several native sjiecies, 
PtmicuTti. terndum and its allies, fuzzy annuals called by the general 
iiaijio kakoiiakona, aio winter grasses that follow the rains on Hid 
semi arid plains, and furnish a considerable portion of the forage at 
that time. Tluoe species of Panicum {P. imlnctUumy P. inarh}wdeA, 
and P. monttijdft) are characteristic of the open bogs of the wet 
mountain summits, where they form hemispherical tussocks, consist¬ 
ing of a iiiaas of old mots and stems with a covering of living shoots 
an inch or two long. 

Upon the upper slopes of Manna Kea and other high mountains 
toward the hunt of tree growth there are three characteristic species 
of grass that are found sometiuies in great abundance. Tliey are all 
tufted species that furnish for&go to the stock that range through 
these regions. One of these {A^rmtis aandmceitsk) is endemic, the 
other two (f>(ri(cAam.^fiME mUfidw and Trii^tum yJom>eratum) arc 
found in the South Islands. 

Several European speciea of fora^ grassy have been introduced 
upon the 'ranches and have become established at medium altitudes 
(3,000 to 7,000 feet). Of these may be mentioned timothy, orchard 
grass, meadow fescue, velvet grass, redtop, Itallaji rye grass, rescue 
grass, and bluegrasfi. Foaptaum <fi7o/afi«n, a native of South 
America, is giving much promise as a pasture grass in these region,*;. 
At lower aititudes Xatal grass or Jfatal redtop {Trichilaena rosia) 
is being used as a meadow grass, and Rhodes grass {Chloria gayarui) 
is coming into use for the same purpose. Sudan grass is being tried 
and seems well adapted to the drier areas. 

In the central part of Kauai there is a species of Poa (P, npAono- 
glotsa) which is remarkable in Sts aspect, especially for this genus 
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whMi iiicluilcs tire bluegmsscs, Tbe steams grow in large to to 
along steep banks* The yoimg stems and flowering shoots are not 
particijlarly uniiBiLal btit the old steins elongate to as nmeh as 10 
or 15 feet, lose their Wades, and hang down the bank in long gr^eii 
rusldiko ma^cs that are very striking in appeaiunce. 

The forest trees comprise a gi^at many species* It is astonishing 
how many of the$c species^ and in fnet species of plants in general, 
have been given Hawaiian name^ by the early inhabitants. Only a 
few arc of suQitiont importance to he mentioned liore. The com¬ 
monest tree on the Ulnttda is the ohia or ohia lehna {MciTosidcTos 
p&Iym^rpha) a member of the myrtle family, having a very wide 
nitiludijiul range and growing under a great variety of conditions. 
In size it varies from a mere shrub at high altitades, to a giant for¬ 
est tree in the middle forest zone. The tree has white furrowed 
bark Uke that of our white oak and beautiful scarlet flowers with 
niunerous protruding stamena. The \voch1 is hard and durable, and 
is Ubed for man y purposes, including paving blocks and railroad 
tiea 

Another forett tree is the koa {Aaatm Am), important because 
of its abundance and hecttuao of its economic value. Xext to ibe 
ohia it is the most numerous among the larger trees, and ia widely 
distributed throughout the islands. When grow mg in the open the 
koa forms a coniparatively low’ widely spreading tree with a thick 
short trunk. But %vheu growing in the min forest among other 
trees it foruiis tall shn|>ely trunks 40 or 50 feet to the branches* 
The w'ood is used in cuhinetwork and is becoming familiar to Amer¬ 
icans through itm uso for ukuleles, the mandolinlike musical instru¬ 
ments now so txipular. The fnUage is mtereslmg because of its 
pu]ymorplilb-uv. On the young trees or on vigorous shoots of old 
trees tlie leaves are twice pinnate* much Uko tbose of our honey 
locust^ but have laterally compre^*ed or flattened petioles. The nor¬ 
mal mature foliage, however, consists of th«^ flattened petioles or 
phyllotleai. the remainder of the leaf not developing. 

Another sjiecics of koiv {Aciieia kooii^) Is found in the drier re¬ 
gions of llift southern ]s]and& 

The traveler is certain to inquire concern lug a common tree that 
attracts attention because.of its peculiar light or olive green foliage 
that is m inurketl contriuit to the prevailing giwa of the forests. 
This ifi iho knkui found widely distributed 

in the ialaudn ai lower altitude up to about 2gOOD feeL The leaves 
remind one of those of the castor oil plaot, which the young kuktii 
plants closely resemble- The nuts of the kukui are rich in oil, 
which is an important article of commerce. The sp«cies ha3 a wide 
range in Polynesia and tropical Asia. In the English colonies it 
is called randleberry or eaiidlenut tree* 
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In the region^j wher^ they grow, two luonucotyledeiioiisj tniea 
of peculiar liabit. the balji|>ope and puliala. attract attentioD. 
The halapcpe {Dmeaen^ a^re^) tjelongs to the IHy faniiJy anti 
is a J lied to oiir yuccas* The narrow* lily like leaves arc clustered 
at the ends of the branches^ where are produced also the flow¬ 
ers and fruit, the latter a cluster of bright red berries about 
the size of marbles. The halapepe is a serophytCj being found 
in the dry districts especially oa aa lava. The lea’^'e$ arc rdislicd by 
cattle* The pnhala belongs to the genus 

of screw pines. It is n scraggly tree wiih long narrow coriaceous 
priddy-niargined leaver ditsteml at Uie ends oi the branches in tlie 
spiral or corkscrew arrangement^ numerous stiJt roots at the base, 
and aerial roots from the branches. The large red or orang& colorcd 
compound fuit resembles r pineapple. There is a fine forest of these 
trees ncor Hilo. Belonging to the samo family is a trtll woody 
climber (Freifcfn^fi^ arfi4>iti) which is common in the lower woods. 

If one ventures or to the upjier slopes of the mountains of Hawaii 
he is sure to come in contact with Uic mamani {S&phora ckrj/EO- 
phyli^) a member of the family Lcguniinoaiic,. It grows on several 
pf the islands but is particularly noticeable toward the npper limit 
of tree growth on the mount a ins, w here it fomis sniall round-top jied 
tnscs, with silvery-brown pinnate leaves like those of our black locust, 
drooping mcemes of golden-y el low", pca-shat>cd fiowei's, and long 
[xkIs constricted between the seeds* 

Tho wdliwili tree w ill attract attention in the autumn at the loAvcr 
levels on the dry side of the islanda* At this season it Is devoid of 
leaves and is con;i^picuPUs among evergreen vegetation. The seeds are 
a bright scarlet and are used for ornament The wood ^^aid to he 
the ligfale^rt of any kind growing on tlic i£$knds, and h used for out¬ 
riggers upon canoes. 

The mountain apple (J&mb&sa is of interest hecau29t 

of its edible fruits* Thc^se ara spheroidal, £ or S inches in diameter, 
white or red, thin-skinned, very watery, but plciisant-flavored, and 
contain usually one large sseed. The mountain apple is found in 
lowland valleys. 

There are several species of trees of the twrIIow family tliat are 
worthy of retnark becauso they are on tlie wrge of extinction and 
illustrate the harm done to vegetation by the graxing indiistrj*. Ono 
is the kokio or native red cotton rociti/) described recently 

by Ivcwton/ This is n small tree with magnificent hibifsciia-shspcd 
red flowets about t inches long* It i^ endemic on the island of 
Hawaii mid is confined to the dry region on the western side of the 
island, where it is scattered here and thcro on the rough lava of 
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Xortb Kona. The spwriws ciiniprbes a comparatively feVh" indivkl- 
Uttla oiwl llie^c are tleareaiskig in number bcvati$& of Ibo iucursions of 
rattle, R<>bert IImd, upon ^’hose ranch at Piiii tlie 

treea are h g^iving tliein protcH^tion and tJius preserving tUo 

species frcjin extinetioni 

Another speoiesy a doflo ally of tlio preceding. Is culled dry- 

fuj^nalde^. A few yeftr^ ago tha species was redumi U} a singla 
plant growing in tlio dry w^tern part of Jfolokai, Kecently this 
individuiil succumbed to the inevitable;* Fortunately seeds from this 
tree had been planted and it Is hoped tJnit the species may b© per- 
pctnntcd in cultivaliot^ The writer inspected one of the seedlings 
in the grounds of Mr. Ocorge P. Cooke of ilolokni. 

jViiDther genua of thia family contains three spccieSi remarkable 
for the paucitj* of in<li vidua la* All arc nearing extinction- Pro^ 
lessor Eock states^ that of H&kcudeJph^ giff&fdiimus there is but a 
rfngle tn^e near the Kilsuea volcano* and of II^ 'Wildmanita there is 
a single one on the sgiiti^erii slope of Ilukakala. Of //* hu^dolimnsis 
thcie ate about a dozen trees. All arc KUccmiibing to the nvvagts of 
cattle. 

A^^ide from the sliniljS already mentioned as being pestiferous 
weeds, the guava and the lantanu^ there are two others tliut were 
intrfiduced nt an early date and are now thoroughly naturalised but 
are not so troubkiaune aa the two mentioned. These are the 
klu (Acaciii. and the false koa (Leucaens ylmwa). They 

are found in waste land especially on the dry aide of the laknds. 
The khi is a prickly straggly ^imb with heads of yellow flowers. 
The faLse koa is without spiues^ has heads of wiiit© flowers and very 
flat pods* This a|jedes is giving promise as a forage plauL By proper 
treatment the woody stem may be kept trimmed close to the ground, a 
succession of yxiiijig shraikta timt are suitable for forage being sent up. 

The lieikdtive plant a well-know n ond interesting 

under^rub common in tropical Amerka^ has kn^ome established in 
open dry pastures. The twic© pinnate kaves arc very sensitive to 
Lbo touch, m ^nsitive that they i^xuid to tlie slight jar of the earth 
in Walking, and will cksse in the vicinity if one step^ heavily among 
the plank. 

The isolation of the islands has led to the unusiial development 
of certain families or genera of plank* One of thesio families that 
attnict^' the attention of the visitor, is the family Loljcliactne. There 
are over 100 species belonging to C geziora, making it one of ihe largcsf. 
fniuiliefi of plants on the islanda. the number of species being twice 
that in the whole of the tJnited States north of Mexico. The family 
k interusting not only from tire number of specicK, hut from the 
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Sinking habil of most of these. The prevailing form is pn loll ike, 0 
slender tnink crowned with a cluster of narrow leaves. In some of 
the larger species the trunk may be as niucli us 40 feet high. The 
flowers are clustered at the base of tlie leaves or are borne in slioivy 
rncciaes, and in many species arc remarkablv beautiful. 

To file botanist and layman alike, tJiere k no gmnp of plants that 
presenta more of ijitercst than the ferns. They are everywhere from 
desert to niiti forest imd from ecu level to the upper limit of vegeta¬ 
tion on the higJi mountains. In sise tliey vary from the giguntk tree 
fern to the minute epiphytic ferns less than'an inch long. In some 
ngions they are so numeroua in both species ntid indi vldntila that tliey 
impart the duminnting a.spect to the scene, and other j>Iunt 9 appear 
as individuals scnttci-cd among tlium. The ferns and their allies uum- 
Ler about 1S5 species. As individuals the tree ferns are tho most 
oon^icuDus. They coniprisQ 3 sjiecies belonging to tlie genus Ci- 
botiujiL A commun and widely dlstrilmtctl siiecies is f'. ftwrisicitci 
in which the twice pinnate fronds are as much as 13 feet long aad 5 
feet broad, raised upon trunks usually only a few f«t tall but some^ 
times ns much as 30 fret (Kock). At the hnse of the leafstalk there 
is u. growth of soft yellowish wool cidlud pulu by the Hawaiinns and 
used by them for stuffing pillows and mattresses* 

Contrasted witli tluse giants are the pvgmies in the form of nu- 
nicroHs species of epiphytes. In tlio niia forest the epiphytos, in- 
chiding ferns, mosses, and lichens, cover every nrailabJe trunk and 
branch with a soggy coo ting drtjiping with moisture. Soma of the 
foriia creep over the surface by means of rootstocks; others nre 
tufted. In some of these epiphytic forms the frouds are narrow and 
only an inch long with one or two fruit spots upon them. 

A dommoti and, to the explorer, troublessome fern is a climbing 
species (tffekAowi® tlic/totfm^.) with rejieutedly forkt^d fktems. Tlieso 
trail over buslios and often fomi impenetrable thickets over large 
ureas. 

On lava flows on the upper slopes of the higii mountains, extond- 
1 ^ to the upper limit of vegetation, is u tufted tx»riaceous 
{Fotfjpodium pdlvctdum) about a foot high, with pinnatifid f^nd.'t. 
In dr>- areas tlie lobes ineune until the tips touch over the upper 
surface. Plants of this species may bo found in holes in the lava us 
the Inst outposts of vegetation on Mauna Lou, 

To the layman a di.*iicription of (lie flora of the Hawaiian Islands 
would bo incomplete without a referetica to the silver sword (.Iwy* 
ronphitim. gaiu/4ciwFmi), This mro and striking plant is found on 
tho cinder slopes in tJm crater of Haleakala aud on upper elopes of 
^e high inountuins of llnwnti. The form in (he crater of Hnleakala 
la aliglitly different from that on Hawaii qmi has been flistinguislicd 
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as a variety (van. irvjcrtK^phfjjyyn), Tha plants produce a tuft of 
nuineroiis uarntTv stiff sharp-pointed leaves about, a foot long, en¬ 
tirely covered yitli u silvei^' xvhite closely appressed wool. The 
tufts appear to increase in size for several years from little balls up 
to tussi^kB 2 feet in diameter. Finally a flower ^inlb shoots up from 
tlio center bearing Diimerous heads of flowere about an inch in di¬ 
ameter with yellow center and purple FAyn, On the cinder cones in 
italeakala the plants grow scattered here and tliere far above other 
vegotation in the most desolate and arid spots. At a distanL-e these 
^ujjs of plants, shiny white against the blenk brown slopes, have 
the appearance of a flock of ^eep. On Mauna Ken the silver sword 
was seen on the north slope above the Kukaiau ranch, Ko living 

plants were observed on Jfaima Lua, but many dead stems indicated 
Its prescnoei, 

A second specif of tbo genus grows iij tbe emter of Ilnlcakala, but 
IS con^^ to cIllTs and inaccessible rocks where tbe plants have 
es^^d the ravages of goats. Tliis species (A. has been 

called the green silver sword because the leaves ore green instead of 
slimy white. 


Another remarkable plant is the ap^ ape {Cmijieni peiaMdea) 
in apiwarance JL reminds one pf a gi„nt pieplant or rhubarb, tlic 
leaves ^mg circular and ns much as 4 fec‘t in diameter. Tlua Bp«ies 
^ows in the rainy zones mostly cm the sides of precipitous vallevs. 
rho leaves are very conspicuous because of their sia« in a region 
where broad leaves are unusual, ^ 

At the lower edge of the forest zone there is a common shrubby 
liliaceous plant, with canmilike leaves i to 2 feet long and 3 or 4 inches 

The leaves are much 

u.ed for wrapping fish m tho markets. Tlie natives had nmuv uais 
for tbfl leaves, roots, and stalks. 

The rein forests include n large number of different kinds of 

foiiQgo. The trenks arc frequently ainootb and light colorwl ami 
the leavra usually fimali. In much of the area where the rainfall 
^ thongh dense and impenetrable, is scrubby, the 

trees teing small and gnarly, ofton not over SO to 30 feet tall This 
condition s«ms lo be duo to the character of the soil, wl oh is no 
tdEcicudy fertile to support . growth of large tree,s. Under more 
favorable conditions^ m some of the richer vallrvs, the forest maT 
reach a higher development, including irces lOoVret tall ^ 

hrom the ecological standpoint the open bogs present an intnf^*r 

IiJfts'’?fThr mTh.^ are found on the sum¬ 
mits of the mountains that reach an altitudo of a noo r 
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extent on iVloloknt, tire woU developeil on West Maui, end reach h 
ninximum on tlie central mountaitis of Kauai. Tliey nro found at 
or near the summit of ridges where the land is kvii! or sJighlly 
sloping. The vegetation consists of herhs and low shrubs; tall abnibs 
and. trees are lackkiig, except as intrusions from the surrounding llora. 
Many of the plants grow in tussocks so that the surface is a sue* 
cesajou of irregular clumps and mounds. A characteristic aud often 
dominant plant of these bogs is a kind of sedge {Oreoholus furcatm) 
which forms beautiful dark-green hcmispliei-icol tussocks as jutich as 
a foot in diameter, the stiff short lGa%'i>s closely packed forming nn 
even surface. Three species of tussock-forming panlcums are fomid 
in these Iwgs (see a preceding paregntph on grfl.sses). Two beauti¬ 
ful species of Lobelia {L. yaudtdiaudii on West Maui; L. katniKnaU 
on Kauai) are found hero. Tlie plant is 4 to 16 f«t tall with a large 
panicle of cream-color*Hi or pinkish flowers 3 or 4 inches long, as many 
os 100 in a single iiitlopcsccnce. Resembling the Inbelia as to shape 
of titc plant is a composite ( Wilkesm ^rayana) with sword-shaped 
leaves and long racemes of globose flower heads. 

Among the EmiiUer plants is a little sundew, apparently the same 
as the American species {Drosera lo¥iyifolia)^ and two species of 
beautiful tittle blue violets (KwZa XratbifcWa and T. Tnaitifnauii). 
Growing in the scrubby rain forest uiono or less epiphrtic, is a 
shrubby violet {robust a), the flowers resembling those of our 
little Johntiy-juiiip-up, but the plant, a shrub S to 5 feet tall. 

IThen llm flora of the Hawaiian Islands is compared witli that of 
other trepiciil lands, more espociallj when compared with the flora 
or tropical America., certain families that give a dominating impress 
to tile latter regious aro found to be poorly represented in the former. 
The orchid family, so cbnracteristic of ti-opicaI binds throughout the 
world, is in the Hnaaiian Islands conspicuous by its absence, Ttic 
family is not absolutely without representation, but there are only 
three specie, belonging to as many genera, ami all are rare, incon¬ 
spicuous terrestrial forms, strangely in contrast with tho showy 
epiphytic orchids of other tropical regions. 

The characteristic palm family is represented in tlie native flora 
onlj' by about 10 spccicsj of Pritchardia, a genus of fan palms, most 
of the .species having been published since the appearance of Hille- 
hrmids Flora of the Hawaiian IsIandsL All ilio species are rare, 
being represented fay scattered specimens in remote local ities. 

The trepical family 3>(elastOTnataeeiv, with its triple-nerved leaves, 
is entirely unrepresented and the great family Compcsibc, the largest 
of our plant families, is represented by s'lirpriBingly few native 
spcciesL Tlie mint family (Lablatae) like the preceding has a dis¬ 
proportionately small number of species, these bdoiigiiig mostly to 
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tb« twu enU^'inuti gvcem Phyllotitegia nnd Stemngjne. Entirely ab¬ 
sent from the islands are tbe mangi^oVes, those swamp tiees so char¬ 
acteristic of most tropical shores. 

Taking everything into consideration^ the Ameritmn botanist will 
be amply repaid for all the time and effort expended in visiting the 
Hawaiian Islands. He will be brought in contact not only with a 
new plant world, but with many onrioos and remarkable natural 
phenomena. He will be able to prosecute lUa re^arolies under un¬ 
usually pleasant and favorable conditions, a solubrinus cllniate, belji- 
ful and sympathetic inhabitants, and an absence of those bones of 
the botanical collector, pestiferous insecto and poisonous reptiles. 


S^mllhiaititn 1917.— PLATE \* 



I. Snow Banks N^n toe Summit of Mauna Kea. The Cone in the Distance 

IS KOT TOE SUMNIIT. WHICH WAS IN THE Rear OF TOE CAMERA, 



2, {jRAZtNO LanpON MCMjOKAI RancK. CENTRAL MOLOKAI p LOOKINO EAST TOWARD 

THE Mountains, 

TLu HHSicm lislf yf tiMi blood b k kvtl ut nrilifif pblu. 
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PLATE i 



L NOfTTHEASTEflM PAJIT OP^ l_AMAI. ShOWINQ THE EFFECT OF WeMO EftOeEON. 
Tlifl eoliiinia «n Itard Iita, ftuen Tilikti vi4mrmHEliL£ matcTlal Ilm bM tlmi awsj* 




2. NwrrHwraT Part of Molokai : a Rollinq Piain DENUDeo ey tHe Sithhw 

T’ftADE WSfiO, 

The miBCkt wifl tirEil by lErrmilil* Ct*™, 

























SniUH-iDn^an P^-ap^jrt, 1'^1: 























SwIthMHlUfl RwpqtX, 1917,—Hitencocit^ 


Plate 4. 



h THE SUMMIT OF MALPHA KEA. A ClNDEFl COKE EhTHREEV DEVOID OF VeDETAnOH; 


ALTITUDE I3,a^6 Feet, 



2, Neah the Summit of Mauha Kea. 

At 111* kit k XU ueiniii i|iwtt 7 Ifl witisti cwlj^ HmiMtvi'f fof nuMcrM [i*r itow fkSiij, The bvi 
iiVE^lUrluidWl|4Un hit^*4^ rue mi 


















SpiLthiHiiijfl ifti?- — Hi[EiKot}c. Plate &, 



I. View on Mauna Loa at AEOut 10,000 Feet Altitude. Several Small 
Craters in the Dibtanqe. 



2. Crater at the Summit of Maura Loa. View from the Ea^t Rim. 















SmiCiignLan 


PWTE e. 



h Puo Waawaa, a Hill on Oi^ C^^At£F^ Neaft tke Hualalai Mountains. 

In Uw foKCiatind U il^ w <mie33) Ixvm ^ on old flow. Itt il|i) totJdlo diAlun h. juuidDv Hiat^ry 

.pmB *1-Ctferii pir|Rr*w j. 



% ScnuoQT Forest dh aa Ulva, puu waawaa Ranch. 

Oio oi Ibd In^ 
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U View in the Hillebitand GAnoEN. a. Ah Aroid (Monstera cielicioea) Cumpinq on 

COCONUT IN Mo AN ALU A PARK, HONOLULU. 

TliLi tartan n(7« hy Hn. FoaLijf, l^losigccl Dr. liUle^ 

bfju3d. Um autlaor of L^O of ihA IbiwiUiiiDlHlimjlji, 





















Sj^llhunlin ft#p4rt. I?]?.— Nltch&K^k. 


PUkTE 




2. Di^ond HEAa. from Kapidlani Park. Honolulu. 

iiiTtimUwtii tamlitiivh Cjubi Brtnn, 
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L The Flame Thee (DEtaMix k^EaiA>, m Full 2. Cixonut Trees Alono theShcre Near Nafqopoo, 

Flower. Western Hawaii. 

TEifl JlQwrti HFi brictiL scarEiit nIihI tt-hcia mtxl af lh4 Ihvioi biv 
























SmH-hignlar sport, 1SF7.—Hilsrieock* 


Plate tQ- 


|,A KeDQE of NlOHt-BLDOMINQ CERELTS OM A WALL AT PtlhTAI^DU COLLEGE, 

Honolulu. 

TiilMfl Itcrorsirubfiwt. 



2. A FEW Flowers of the NiQHT-BLooMiNa Cereus^ 














SmlthwnJAn PLATE M 




L The Yellow Poinciana ^Peltdphdrljj^ ihebmeJn S. a Maivqo TaEEi 

A Rathtr Common Street Tree in Honolulu. 

TLh moiiijTu U a tLi^riiKuk i ri:ij.il>r!iiJ frtdt, ctiiLiun-im In tlir^ IfiloibiH, 
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PLATE I2 h 



U Vpew IN Moan ALU A Park. 

ptMX #1 ktlr rojfid pahm ai rlt}5i|, Hrfw ixKfmut palmi in (Jw dhUiact, [oj^iOrEiiir fltemLUiti 
£Fa»| III Uijd fOK^oiiitdl. 




a. A Typical Waste La«i> Scehe^ 

oev HcuMmsw with a *n^ liuilmjia wbfeh hm tA^ui nasasa| 4 P df lha stfL Ja 

lhaai£]Larndiill|Ji^t^ Lri^-^t w ldb hcl 














Sfn»hfOhUn fiepoft, 1917.—HUcfKflcItx 


PU^TE ta. 



t. Schofield Saf^hacks, ik the Cektral Plateau of Oahu, Lookiho West 
Toward the Western oh Waiahae Rahqe of MaUNTAlHS. 

* UKanlft at ihv rifbl li Iditim E]i« UteiJ. 



^ Haleakala Oratefe from the west rim. 

Borml SHiilldf ftiflM aEil amtm Biiy bei«i^ rilUA llw 
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PtATC 14. 




2. SOWTKC«« MOUJKAl NEAR THE S€A. LqOKIHo eASTWABO, ShOWIHD THE E^ 

Slope of the Mountains. 


A bwll ibribfijjh] 






















smiihMiniBii Rfirarr. t9i7.—N itciKoeit- Plate 15 






















Smllhion^tn PLATE. tS. 




L A GftASSY Slope Above Nuijanij Pali. ^ Prickly-Pear Cactus {Opui^tia iiEQACAfiTHA^. 

Tim IrMlQ wlbii i% itlivi>}^^ t¥fy l|irau«h tJilj ^ti^, lull r qI litlt^uccd Ijxhq Ufixii:<>, now mniTnan In llm iTiicr n^LiPtui <1! liR tlla 


















SmUJiMnlBft T9T?.— Hiteheoek- PLATE 17^ 



L Soidfilld Bari^acks, Lookimq East Toward the Kdolau Ranqe of 

MOUMTAtHS. 

In Lbfi ffllijiitia ilkt^AiKT; pRlp[ILiila. axiciLTafiij ) cmJht ETiisaca in ilipo- fwri^fcBind. 



2. Grasses at Timber lire on maoha kea. 
Tbf htitmh FTA-M In Ihf rweKHUiiKl l» 



















Plate *B. 



L QnASSES AT Timbes Like oh Mauna KEA- 

Thitpumw^ih luiiw InQsreftanefl li tLTxIriii t|}3j wflti lunom^ncf, 

4Mjitlii. TU4 iWM ■£-{) Bt^U^ loaninfij lypaplpfUa). 



2, KuiKut Trees {AtEURiTEt mouuCCAKAL 
Th* Ahrubi in Uke r^tEcmnd mi fonnv Ini¥a4 pMUr 



















—Hitchtotk, Plate Jo. 
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Smlll»iOrtiflin Tfll 7,- .Hftcheoch. 




I. A YOUNG PLAMTOFKOKtA onYBiAf^lOIGE^ OH TH^ GflOUND9 £. ARSORESCEMT SpECIEB OF PALM LIKE LEOELIASEAE NeAB 

OF MR. M. C. Cooke, Molokai. KamoluahanG. KAUAI. 

niifi Imii luxTMnfl rwHwl m .1 wJlil [ilnnl. A f^w pehhII luvvi* Ik'e'« 

i;rwLirn I’n'iri ^i'il from eIil^IumL tJiirit Liid'iVil 
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PLATE 21. 



t. A Fqhe3t qf Koaia (Acacia koaia) on the SoLrr>twesT£RN Slj^pes of the 

Kohala MOUWTAIKS. 



2. A HCA^Y GROW-m OF FERN (DRYOPTERlS FuSCOaTHA) m THE HuMiD FOREST 
ON THE SLOPES OF THE HUALALAl MOUNTAINS. 
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Plate 24. 




2. A SMALL LaKK NtAB THE SUMMtT OF MaUNA KE*. AlTIIUDE ABOUT 13.000 

Peei, 

Bkiuh ibfl |Mif cxif LfTA Mill lrfcfc;pi^ ^ |wmm Ib ruv. 
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THE SOCIAL, EDUCATIOX.VL, AXD SCIEXTIFIC VALUi: 
OF BOTAXIC GAllDEXS.’ 


By Prof. Jorr.’? 


It is a notcwottliy fact that the XJnitcil States is beginning to ap¬ 
preciate Imtiinicgardens. This appi^iution muy be relatively super- 
Jicial (IS yet, but tlio superficial is usually the preliminary step that 
leadii to the fundainciital. The desiiabilUy of botanic gardens vrus 
nut obvious vi'hea large areas in a state of nature hvh liable to 
ulniost every one; but when we developed congested populations in 
cities and made artificial most of our open ureas, the thought of bo¬ 
tanic gurdens began to take form. 

Tbo&e of you who have fra%'eled in Europe inust have been im¬ 
pressed by the multiplicity of such gardens. They began there in 
tlie form of monastic gardens, in which Uie so-called “shiiplee,” used 
in primitive medicine, were cidtivatci,!. Then they came out into the 
open as city gardens, chiefly for the enjoyment of the people a&il to 
beautthe city. Finally, they became also SLjontific, and gradu¬ 
ally led to such great establisluiients os the lintanic gardens at Home, 
Geneva, and Paris, tho great inodcru gnnlens on the outskirts of 
Berlin and llfunicli, and that greatest of all garden establishments, 
the Kew Gardens tif London. Thteio are but conspicuoiisr 111ustra¬ 
tions of what almost every European city hud developed befoiie wo 
began to thinlc of garden establiehiticnts. 

1 widi to sjiesk of three conspicuous contributions that such an 
establishment can make, not all of which are nppreeitited as they 
should be. There |$ no better audience for this purpofte than the 
friends and snpporteta of the Brooklyn Botanic Garden, which has 
achieved more in certain directions than any otlier garden in the 
country. I wish you to realize, not only that your support is justi- 
lied, but also that perhaps you have builded belter than you knew. 
T shall spenk of these three contribntlons in what T conceive to be 
the inverse order of their importance, in the sense that the superficial, 
however desirable, is less important than the fundamental. 

^ qelltrtfMl at thr Aedlcatbn llw Uhotofotj balldtnc Aiui of 

the BrMhdjru Botaule Apr. 1#, Ifl*!*. B«prlmte4 lijr ponnlaAE^ frera Srlenw 

JllDO Sfl. lOlT, N. P., ttfl. 45* So. 11T4. 
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1* The fim is the socitd contribution* “ Social" is s tcfy indlusiye 
word. Anything that contributee to tho welfare of a oommunity in 
an\* wny a social contribution* In this sense, the results of edii- 
calion and of religion ere also social- I am using tbe word in no 
fiudi general however, but simply to include the betterment of 

city conditionis for living. 

A botanic garden is a fsocial contribution because it is one answer 
to the problem of congestion. It is not suificient to have open apaces^ 
even when those spaci^s are l>eaiitified as parks* There can not be 
too ninny of tb-^, but Bomething more is needed- I wonder if you 
all appreciate what the touch of nature meunik It is someUimg more 
than open space for breathing. It Li a kind of elixir that helps men 
to be The garden is a museum of nature^ not merely an area 

left to nature. In it there are assembled the representatives of many 
regions^ so that it gives a worbl contact. It is a great sen to give 
any community the opportunity of fmch a contact- 
The contact with nature presently develops the contact of interest | 
and interests outside the routine of living, when these interests are 
worth whilcr both curative and stimulating. Then when intercift 
ia awakened, and plants arc examined as individuals, and not merely 
as It general population, the wonders of plant lifo begin to appear, 
I wonder bow many know why leaves are green and flowers colored; 
why some plants are trees and others herbs; why some trail and 
climb, and others ^tand erect* All of this vegetation is the natural 
covering of the earth, w'hich cities have eliminated. It is the cover¬ 
ing that makes your lives and all lif* possible- I should Bay, there¬ 
fore, that the mere presenco of a botanic garden in a city is like hav¬ 
ing the spirit of nature as a guest, and all who become acquainted 
with tills spirit are the Ini-tter for it. 

There is nothing luore artificial than city life, and therefore noth¬ 
ing more abnormal. Some are able now and then to renew their con- 
toet with the natural and normal, but most are not. A botanic gar¬ 
den briiigs to the many a touch of what only tlie few can flccnrs for 
themselves. You hnvo doubtless developed some very definite and 
wnye of expressing the social oonlribiition of this garden to 
the life and weifam of this community. But to me* speaking in gen¬ 
era] terms, the conspicuous ^otyiul contribution is to provide the 
opportunity, ami see to it that nil the people take advantage of it* 

% The sccoud is the edttcoli&jiaZ contribution. It is this contribu¬ 
tion to the oommimity tbnt you have developed with remarkable 
Hiccess. Nature is a great teacher when she really coaifs in contact 
with the pupil. The notion is too prevalent tlmt knowledge comes 
from bofiks-^at one can read abovt nature and acquire knowledge 
af nature* One might ju^ as well try to acquire knowledge of busb 
ness by reading about business. Knowledge eoinea from experience. 
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from contacts must distiiiguiGh between kntncledffe and informs* 
tiotK Knowledge is first-haodj obtained from actual contact with 
the material- Information is secondhand. bcaTBaTj coming from no 
actual expenence. Heading aho^ nature, thenjforo, brings iitforma¬ 
tion; contact wish nature brings? knowltKlge. To serve a community 
by bringing its children into contact with nature k a great educa¬ 
tional seniceL 

Perhaps the most significant contact with nature is the handling 
of plants^ We are ^kiug now for an army of people with some ex¬ 
perience in handling plants; for more people who will cultivate 
plants wherever space permits. You have been made to rcaliEe, in 
these days of testing our resources, that the most important material 
problem wo arc facing ae a nation the problem of food production 
and conservation^ Food production has lagged far behind popula¬ 
tion, and this increasing gap must be closed up. Our scienco of trans¬ 
portation has far outstripped our science of food production^ m tlint 
we have coma to depend not only upon a diminifiliing food supply 
btit also upon transporting that supply across a continent. To leam 
to grow plnnts and to grow them everywhere, especially near our 
great centers of population^ is ti crying need, 

Tlio development of home gardens, therefore, is not merely a 
service for aocial betterment that nil recognize^ but it is becoming 
more and more 3 public necessity. Any institution that, gives you and 
your children this trsining k not merely an educational institution 
but also a public benefactor. A botanic garden doing such work is 
like a power house, radiating energy throughout the community. 
Such training is an equipment which not only enriches life but it is 
ahiO on equipment for service* In providing such an opportunity 
a cky can do nothing better for young people and its homc?a and, 
through them, for itsetf- 

These two contributions, social and educational seem very obvious, 
but tlie third oontribution needs fuller explanation, 

3. The third is the contribution. This 1 regard as voiir 

great opportunity, and I wish to help you realize it. We ore a Very 
practical people, and unloGs we can see inunediate returns from an 
investment, we decline to undertake iL Very few people appreciate 
what it has taken to m ake th ings practical. We speak of fundamental 
science and practical science; sometimes wo cd! th^ two phases 
ptire scienco and applied ficienoe. The genera] impression is that 
pure science holds no relation to public welfarOj and that applied 
Ecienco serves our needs* You should know that all applied scienco 
depends upon pure science; that there would be nothing to apply 
unIcA'? pure science hod disrovered it. If we had only applied science, 
it would sroon become sterile. It is pure or fundamental scienco that 
keeps applied science alive, that makes progress possible. For ex- 
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RmpK if Fiiraday had not worked in pure science, Edison would 
Imvo had no basis for his wonderfid inventions. And so it b 
tliroug^hout the whole range of the practical things we aiie using to¬ 
day. To neglect pore science and support only applied science would 
be like wanting diildren and olilrtinating parents IVhen 1 hear 
thoso who are regai'dcd a-i practical men lauding our practical 
nchiovetueuts, which certainly deserve praise^ but speaking liglitlj 
of Work in fundciTnenlal research, I think of them as Ihotie who would 
prai^ the pnictical electric light and forget the irn practical^ Ix’cause 
unseent power house. Scientific research is thq power house tliat 
generates oil the energy we apply in developing what may be called 
I ho machinery of our civilisation. 

I wish noiv to iLidicate^ by a single iUnstration, how isUch an instb 
tut ion as this may Leconie a great laboratory for public sarviee* Jly 
illustmtion is intended only to indicate how* fundamental research 
b of the grcEitest f^emcc to public welfare^ a source of energy to 
bo called u|Kiii and applied a a needs arlh^. It is not m tended to 
Indjcato the speeific kind cjf work thait nny given garden sboiilil 
undertake; thU may well vary, but it is n good illiistnitioii of the 
value of research woi'k in generaL 

I have iiidiculcd the pinbiciii of fo<5d pj^iduction that our nalion 
IS facing to-day. In s<nne way our footl piixluction must overt^e 
our population. Over ii century ago certain men were speculating 
about cvfilitt ion. The subject of evolution w as not a science, bccaus«;s 
men were ratlicr than iavesiiffut^^ing. Certainly nothing 

could have seemed fmother removed from general human interest 
than this speculation. About a centriry ago apccujation about cvoln- 
Hon tnerged into the science of evolution wiicii men begun to observe 
the factij uiHJu which such u theory could be booed^ For a ccntiuryj 
observation and inference went on until they had reached the Umit 
of ti'^efnlness. Near the begiuning of thU century, men concluded 
(hat the only way to secure further progress w aa to test by expei iment 
whether one kind of plant could actually proLiuco another kind. In 
observing the behavior of plants in breedings they began to uncover 
the laws of h^^mlity; and a^ knowledge of these laws ioc^(^asecl, it 
booanl(^ evident thiit iJvis knowledge could be applied to the practical 
handling of plant:), and what we cal] onr revolution in agriculture 
followed. It is a far cry from a speculation about evolution to the 
solution of our food problem, but the continuity is unbroken. It is 
by such essential and generally unrecognized service that scientide 
research is contributing to human welfare. 1 whih to be morn speolfio 
and to iudienta some of the ways in which science has bulved this 
fowl problem. 

Through Hcicntifir w'ork in the study of heredity we have learned 
to niiiltiply tilt? racics ol our useful plants so that they may fit in more 
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exactly to the variable condUions in which plants must be grown^ 
Tt is n cnrioiiB fact thjat wo have been blind so long to the tencliing of 
tiahire that conditions for plants are not the same every where. Wo 
have alwayis rralb^etl that the natural vegetation of this country U 
not n monotonous eorering* Every change iti vegetation indicates 
a wpocial set of conditions for plant growth, and yet we have been 
trying to grew the same races of phints everywhere. Tlie result has 
been that we have gotten inasimiiim retaras from some areasi mini- 
mum rcturuH from others, and mediura return^ from the rest- Our 
total result luw been an average. By multiplying rncua of plants to 
fit conditions more clts^ly, our total result will not be an 
but a inaxjm.ffm, everywhere. Tills one suggestion of scienoci will 
double our production- 

One of the most destructive enemies of our crops is drought. On 
the average our production is cut in half by this enemy. Scientific 
investigation hns bIiow ti that it is [Kissible to develop drought - 
resistant races of all our useful plants. Tlds means the possibility, 
not only of instiring our crops again.^t drought where they are now 
caUivate^lj but a bo of increasing enonnollEly tlic arra of cultivation^ 
by adding the so-called arid regions of perpetual drought* 

Another destructive enem}" of x)Ur valuable crops is disease* The 
fiovenunent has expended millions of dollars in the study of plant 
diseases, in the hope of reducing the loss. The scientific work of 
recent yrare boa ahown that it is possible to breed disciu^e-resistant 
races. Planbi, like human beiugSi ditfiur in their susceptibility to 
disrores- Some are immune, and others are BU^ptihlep Tliismeans 
that we can eultlvute inmune races and let the siisceptibles perish* 
Wo cannot handle human disea^^ in thb way* Before what we 
speak of as the vroiiderful advance of medicine, we were uneou- 
sciously practising selection of the human race for inimniiity. The 
BUBcoptible^ dbappeared and ihe immunes survived* Now medic ina 
IiaB been so Burajssful that it saves tlie snsccptibles and kneps them 
mixed with the immunes, so that our human problem is more diffi¬ 
cult than it used to be. But we have no such sentiment about plants, 
and can cultivate immunity and eliminate susceptSbiUty, 

I am told by those who are treined in collecting such statistics 
that if thf^sG suggestions of ecjcntilic research can be geueially ap¬ 
plied, our food production will overfafee our population. It is in 
such waj's that the results of science find appliention. This is not 
merely a IoceiI service, but a national service, and in such a time as 
thb it is a patriotic senuce* 

May I recall your nttenrion to the work of the Katioual Research 
Coimcll In connection wilh your opportunity. Thie council has been 
apijointcd by the National Academy of Sciences at the recfuesl of 
President Wilson. Its purpose ia to bring into cooperation all of our 
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sci^tific equipment la iiii nttnck upon the problems wc are fitcing^ 
This week have been canvassing ihe problems that need imme<]iate 
attention^ and they are to be assigned to various research centers, 
where properly trained men and adequate equipment are available. 
I want to mclude this institution in these assignments. Yonr op¬ 
portunity is an imusual oue, for already you have many tilings that 
are needed. \ ou have the opimrtunity to respond to this call from 
your country, and to see to it that resonreh is properly provided for, 
V uch r^arch work not only provides what are cnlleij tlie sinews of 
war, when War becomes necessary, but it also means progress and 
power in time of peace. It is this opportunity that led mo to say 
enrlicr in tliis address that perhaps you have bulldtHl better than vou 
knew. 

Do not be misled into thinking that only these problems should be 
attseked that have been developed by some immediate need. Be- 
seareh is like the exploration of u new country. It must be traversed 
thrtngliout; all trails must he followed and mapped. Some trails 
will lead to rich lands and valuable mines; others will not, Xo ono 
can tell until everything has Ijccn e-vplored. Your research work 
here should mean an exploration of nature as represented by plants, 
and there is no more important region of nature. The more wj 
know about plants the more intelligent we become in handling them. 

I have known scieiitiflc explorers who discovered a new^ country and 
mapped It, but no one at the time rocogniied it as good for anything, 
learg afterwards it was discovered that it was rich in pofsibllities. 

rears ago an Austrian monk, working in his monastery gardon, 
diijcovered some interesting beliavior in the plants he was breeding 
He record^ his facta and bis coaclusions m an obscure jounml, and 
no one paid any attention to it. IVliat could be expected from a 
monk potteri^ m his garden? Years afterwards the contribution 
was diswvcred, and toniay it h the basis of most of our work in the 
h udy of iieredity, and this in tui-n lias made our agriculture Bcientific, 

I o one knows what may turn up in a garden like this one of vours. 
it a a gold mine of opportunity. See to it that it is cultivated. 


TITE BIRD ROOKERIES OF THE TORTUGAS. 


By VAVL 

CuraloFf Marintf Int^ritbraii^ty A^ali&nal BirJiCttitk 


IWiih 38 iiJuttiJLl 

Look at A map of the southoagtern Uni ted States and yon will nfJto 
a string of islande swingjng south, then liending more and tiioro 
westward at some little distance off the peninsula uf son them Florida* 
Thcije ait: the Florida KeySj a part of which ia itality rtpre^ente an 
ancient barrier reef long since elevated above the surface of tho 
Some of these keys are mere barren saiirl baiiki^ w'hilo others ait 
clothed With tropical vegetation. Quite a number of these islands 
have recently been joined by the fiUs and viaducts of tho over-sea por¬ 
tion of the Florida East Coast Railway wluch connects Key Vvmt 
with the mainland, and promisea (o produce profound changes in the 
topography of the region^ TliU cham of keys terminates lit the Tor* 
tugus xVtolh tho scene of our story, some 05 statute miles wi^t of 
Key West. 

The elevated portions of the atoJI at pircsont are Enst^ Middle, and 
Sand Key. of the middle eastern perimeter^ Long, Rush, Bird, Garden 
Key of the south western rim j and Lfjggerhead Key on the south wes- 
lern Iwrder* Formerly two other keys, Northeast Key and North 
Key, of the northeastern odgr, were conspicuous ekvoted elements 
above the sea s stir face, but they have long since liecn sw*cpt away 
by the waves. Of the existing keys. Middle and Sand Key are mere 
heajis of piled up sea organisms and their fragments^ without vege- 
tution. Bush Key now appears as an devated coral reef w ith piles 
of organic detritus heaped up in spots, but likew iRe barren of vege¬ 
tation. Eaid Key supports a dense growth of Bermuda grass on tha 
natteuiecl, upper elevated portion, with a scattered growtli of i^enavola 
butihes and other planU. A somewhat isimilur condition obtains 
on the southern end of Long Key, hut the vegetation is less abundant 
and more scattered, whUo tho northern end eond^ of a barmn rim 
of coral boulders that curves eastward and southward, to join with 
tho reef fringe of Bush Key* Garden Key is almosst completely in¬ 
closed by tho walls of Fort Jelferscni. The portion outside of iliei 
wall Ls <Jvergrown with emb gra^ and the long trailing vines of the 
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B9B. beau aud tlie muon rinu and the goat-foot morning-glory^ while 
witlun the wall several sficeies of palm^ and a grove of buttonwood^ 
Corilia trre^ and ornamental sJmibs furahii a favorite retreat to the 
many IesJ?pr migratory birds- Bird Key has an almost dead fringe 
of Itay cedars and a few coconut paJm-s near the liouiseand a si^atterctl, 
si^ant gnnvtb of cactus and gmsSj as well ns a few ornamental slindis 
near tba buiLdlngs. The largest of tlie keys is IjOggerhead Key, tlio 
center of which ig ocenpied by Loggerhead Light, a first-class, re¬ 
volving, flashing beacon that projects a beam for more than 18 
mile^ anil the buildings necessary to quarter tlie attendants. On tlie 
west central portion is a boat shed and pier, while the east central 
portion is provided with another pier and landing stage. On the 
northern end of the bland the buildings of the ^fa^me Biological 
Ija}>Dratury of the Carnegie Institution are. n^itled in a growth of 
pnlnis^ iiaiirithfie pines, ami tioweeing shrnbs, fringed on the sea side 
by bay c?edara;, Toiumefortios, and Bermuda gross^ Eseepting the 
intrtHiueed palms, fig^and other ormimeiUnl plants aUmt the lalx>ra- 
Lory and the light, the most conspicuoua vegetal features of the island 
are the hay cedars^ which practically girdle, and in many places com¬ 
pletely cross it. These attain a height of more than 10 feet. This 
covering of hay cedars ig irregularly interrupted by grassy meadows, 
wheje the short crab gnis^ and spear griiSis vie with the flat-lenvecl 
cactus for supremacy. The scattered huge ag^ivea south of the light- 
hoiLse usually rear some flowering stalks, which ftsmish a favorite 
resriug pluco fur the hawk^ during the migratory season. A Cordia 
grove occupies the east shore line a little north of the light, and 
here and Uiere groups of ashy leaved Touruefortias lend a fimercaJ 
aspect to the licaclu In places, dense growths of Bermuda grass oc¬ 
cur iinmediaLely above the i^ach of the ^tonii tide and wave their 
abujidiint, aliimnieriiig heads of i^ds m a most plcaidug manner. In 
other regions, similar reaches are coveml by a fuj^Ky, brown-topped 
sedge, w hile ti111 uther places are meabsured by the long trailing vines 
of the goat foot inoming-glory {/ponme^ pc^-caprae)^ih^ moon vine 
CalQnfjctiOTi and the sea bean Hn^aia). 

The most interesting island of the group is Bird Key, for of the 
32.810 biiTls listed for the group in last summers census, 31^00 c^intcr 
nl>Dut this key. In the list given l:ielow the numUr^ in italic refer 
to Bird Key irihabitanU. 

A namrriaiS limt o/ fhr Urd* of ihr TnrivaaM. 

fflfLHHa upra otrtvrfmtliQtu Kutijn July 19-411, 101T,) 

T-aUfrlhln}' i^lT 
Itajal ti-m , 

tf‘m_ --- ■ _ _ -...f^ljimted. 

'1 yattnK 


Si 

m 

300 





HOOKFRfRS OF "TORTltaAS^— 


471 


l.H^tuit tefn, --- 

Sooty trm _, - 

Blnet icm , -— — - 

K«l<Iy teni -- - - —— - - - 

Itijoby_ _—— 

Hotl'footocl bijoi^y -- 

Brown xjellmn - 

S[ii[i“D^-\mr binl -- 

Wiird*s Irf'pon -- _. _ = . 


_osllmatotl-- 


f ndu^t 


1 youn^r 
,, , , r adult 

[younic 






adult 

yiniijj? 


CJreetj li^roii - . .. 

l^Neoel Kondplpur- . 

i^ndcrUui^,—^ ^ - - 

JHark-lrfillb'il iilr.ivor__. . 
S^!iiuliuii|ed plover. . 

Huddy tujTUJtoDG _ .. ^.. _ 

Ospif'^y- - — 


500 

fjOO 

'J3,000 

24 

^ htm 
* i.sm 
a 
1 

1 

4£K^ 

1 

1 

20 

1 

e 

2 

1 


32;^S]0 

Tliese rookeries Tvere first broiiglit to the attention of emitUologi^^ 
hy John Janies Audubon^ ’^vho, in Ids masterful omlthologieal biog- 
rap1ue$T gives us an accemnt of a visit to these keys in ^tay, 

W. E. D. Scott, in Ills pai>er birds observed at the Dry Tor- 
tugas, Florida, during parte of March and April, ISOO,'’* gives us 
the first list of birds noted in the group, while Dr. Josepli Thoinp- 
son, Unitetl States Xavy, in 1003 described ^‘The Tortugaa tern 
colony"^ in the fifth volume of Bird Lore.* 

It is saff5 to state ihat the mcKst intensive scrutiny to which a wilit 
bird colony lias lieen subjected we^s mado upon the birds of Bird Key 
by Dr. John B. Wi4tR)n, profesi^r of cjtpcrimental and comparative 
psjchology at the Johns Hopkins University, and Dr. K. S. Ljishlcj, 
while El JcUiiston scholar in psychologj" at the same institution. 
These gent lenicn siihjected the terns to exhaustive psn,xhosnalyses with 
the hope of throw ing ItghL.on the problem of the homing instinct. In 
getting at the basic data underlying this problem they found it 
neocsi^ry to study the various phases of the activities displaced by 
the birds in and about the island. The remits of thdr splendid 
elTorts are embodied in a scries of papers from whidi I sliall take 
the liberty to quote :it some length,® * 

« Hiuu^ tipMi t>D«tpr WAEM^jj'pi txum^ of 

* An iTstJbiBh- iwoartlu ^ manj m w\- bid tPHTrntJL 

Ankp toL 7* ppL aCU-ail. 

•Jllfd Tjo«, rvl B, 

lUtmrlDr ol XoiliSj anrl Seoly TcfTH,-" JijJsh Wat™, T%pcn^ from Hid 
Tfvrtnpiii IjiTKttnIiiry of Ibfr tn^itatton of WuitiliaictQD, wt % Xo. 10,4 IKJS 

pp. 

UcmkDg apd it^1iitf!d Avttrltloa of tt(ldn,^ papeni fmtn Uiu Dciit, of MzltIiu^ Hlvloiit 
of tie Caroofi^r [niUtpUcffi of WllB1llGgtm^ toL 7, Xo. Ell, 
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It is the homing instinct of birds that tenders the Tottugai^ the 
most iiitcitistiiag group of all the Florida Keys, for here m less than 
four species of leiiis perforju their hoitsckeepbgT and two of these, 
namely, the sooty and ncKidy tern, are not known to breed in any 
other part of the United States 

Most of our birds lea^ e their place of birth as soon as they have 
attained sufficient strength to roam. Many of Lheui perform re* 
markable jouniejs in tbelr annual migration from the breeding 
grouniis to their winter home in the fall; and when the breeding 
season approaches arid tlic reproductive instinct n^erts itself they go 
back to the breeding grounds in the spring, 

Tlie lale Prof. W- IV* Cooke, has shown that the golden plover and 
the arctic tern dwell alternately in the Arctic and in the AntarctJCj 
performing a joiimoy of over 11,000 miles twice a year. Tie has 
pointed out that the golden plover in one fliglit covers n distance of 
2,400 miles without a stop. 

Unlike nmn, who seems ever ready to shift his tent to where h& 
is afforded the most favorable conditions for existence, most birds 
cling tenacioOBly to tho immediate suironndings in which they were 
cradled when it conies to a select ion of ij nesting site. 

This fact was first demonstrated by sea birds known to breed on 
certain Islands, and on these only. More recently it hfLs also been 
shown that many of the lesser birds cling equally persistently to 
their nesting site and it has been fonnd that some not only seek the 
same general regiouj but tho same shelf of rocks und even the same 
nest year after year, 

Tjocjk at a gf>OLl bydrogCRphic chart (pi. 1) imd you will note 
that Iho Tortngos, though situati'cl on the shallow continental shelf, 
are on the extri^nie outer limit thereof^ away out in the (iiilf of 
Mexico, removed from the murky waters of the ^uthword drift that 
constitutes the coastal waters of the i^^ini^ula, and in a little less de¬ 
gree thnt bathing the upper keys. IT ere wo have the dear water of 
the (iiilf Stream and the fir$t clear w'ator shallows nvailnhlo for a 
spawning gremnd to the fishes of tho Gulf. Tho presenco of nn 
enormous number of small fish fr}* at the proper season was, prob¬ 
ably more than any other factor, tho determining cause in the seJec- 
tion of this site for the rookery by the Rncestors of the enornioua tem 
colonies ihnt bn?ed here. It is also quite po^ihlc that the factor de¬ 
termining the time of arrivul anti de[rartnre of the bmls may depend 
upon tho mlgrtiijon a Of I spawning sea^n of the fish used by ib^ 
birds Rs fomL 

When not on iho brcpiling gi-ounda, iho noddy and sooty terns 
toani in Kmall groiif^s over the waters to the south of our idando. I 
have met them on both coasts of Cuba and Haiti, where they can bo 
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seen fishin|r ns they are wont to do iti the Tortiigi^s, or resting on float¬ 
ing driftwoodt stiod beaches, or low% rocky ledges^ but in MarcJi or 
April (tlio ibuo seems to viiiy in difTcrent years^ as shown by the 
tuble !«?low) the humlug inj^tinct seizes them and they head for their 
favorite isliiud of the Tortugas group, 

To We of artitai dflrf ifrj^rtffre. 


I>a 4 tiiftiUbal bj tho Bbdo^iiiiJ Si 3 m 7 f U, S. l>ttptJtiq£iiE of XjeTitultiui>, -^him ^ 11 ^x 14 pnvtM^ \km 

ixAtDf Eroni c^pen.) 


Yair. 

Arrii^. 

Bri^rtrav. 


Apr. 2 T_ . .. 

Bn^ tL 

Atit 15 - 37 , 

Aur- 3 S. 

Aup^sM^Laa. 

Au|. 39 -Srpi. LL 

. .. 

im.., ..... 



27 —.. 

mi —...........J 

wii... ^ .. 

Apr. l+-liAf 

UAr.sa .. - 

liu .. .... 

Apr., a.... 

ifllflv,... ....... 

Apr. l!l^...++..p 




^VatsoD and I<ashleyj in speaking of th© Bird Key roobeiy, 1915, 
page 61, say: 

The tenw breea la great niimhcTD npon Bird Key, • • • Their a(«t«, of 
triilcli there were store tlian lO.UOO lu IQOfi, are Id laany etia^ cttwely crowtIeJ 

toicethtr, aa amnjr av 30 swty iwstu beina found lu an areu of lou it^aiire feet, and 
the nefiiit aui) are altui^t tudK^la^Utinlitc tii tilie liuuuiti otm^rrer. Indeed, 
tbe LkIii4ii:| n dltj of lOXNJN) hciusicap all rtmeb uUbe, unnumbered, aud £>et 

fhl mndum^ ndUunut i^treids nr ileanlle LtudiiiArba, The blrda ehFK>Be tliolr 
own newts;, wlthaul rrror, finun aux>Da huudn^ds ef jdiulJnr fuiea^ and uiidi^ 
tiartiiiil ccQdltloiiS asver isbow the sUi^Ltest ke^UiUun lu makim; Uielr d^iIcKi, 

I will now conEider^ om by 0110 ? the. varionB species in the order of 
their numericul representation- I shall use freely the data furtiisdied 
by Aucluboiu Watson, and I^t^hlcy in tho discussion of the ^ arioiui 
forms^ 

THE &OOTY TERN {Onyvhoprion ftltmiut). 

By far the largest nomber of breeding birds on theTortugas belong 
to this species, of which probably mo re than 25^000 are present on 
Bird Key at the close of the breeding season. 

Our earliest record of this oolouy was furnished by that master of 
ornithological biogntphj-, John Jamc^ Audubon.^ The description 
which he gives us of the colony, based tipoti a visit duritig the early 
part of the last centiir)', is extremely interesding. The rareness and in- 
Dcce^ibility of the volume demands a fidl quotation in order that an 
adequate comparison may be bad with the now existing conditions. 
Wo therefore quote the following: 

Enrljf lu the aft^mnon of the Oth of Sfnv, 1832, I was stimilSn^ on tlie de<^ of 
tlie Uulte^l ??tuti>« revemie’Ctitter thp MihtIoh^ Ths*^ wwither wnw vi^ bcuutlful^ 


^ OrolUialaflcitj ^mphx^ vol, ^ 
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nlthotipU hot, DJiil ji fnvounilik breeze vt'uf[ ihI an o&Kanbi In onr coun#. Captaio 
Jldli^rt i;vlso stood Ui^nr ini.v mXM Lociking tnTVn.ril tbt* n-rdervd Hontc 

persjjn to bo ai-nt to tJio tor» to wutch tbo iippoarimco of luxuL A youDj; Iiid wft3 
Instiintlj Boen ascoaiiins the rlRisEnt;, and not nitiny mLnntoA after he bad aV 
lAlntHi hKs t^T^tt Vh'i* beani from hSni tlie cry of It wuia thu loir IceyH of 

tins Tortu^afi, toimt^l u lilrli wo bad boon staerLu}^ No wan made la Lbe 

oourse of tbe ** I^dy of tlio Grwn ^lantlOt^ wbo dklod rtlong^ m If awnnt of tbo 
knowbHll^ ho^sesEied by bcr conruifindo^ Now the light-hou^ie lalitorii iiiyNPaml 
Lika a bright gpcn flitter tog Id ibe of the syn. Prewntly llw? nmotit iiuil fla^ 
of wi‘t*ftt wneckoni lOiowod tta llmt Lboy wore imeborod In Lbe flmall but Htfe 
ltariM>tlp, Wo BaiEInl on, and otir neUve pElot, who was hIbo the first lEcutenatit of 
tlie ^larUin, pc^lIlted ont to toe a sruioH iflland |BErd Koy] wbloli bo ^nld waa at 
flitu aeam^n tbe rcffiirt of tbfPUimndo of birds^ wtilcb be slEMterlljoil by ciilllnjj tbetn 
‘^BJaek and White So^ RwmIIow'k,** unil aanin anoLlier iHlot* Lllaah Key 3 eaiinlly 
well «tod£«d with Aootber klml of Sea SwtiSIo\\\ whleh be odib'^J rtdietl 

Noddies, because they froqitontly alt^^bted on tlio yanla of re^iSoSs eit night, and 
eli^pt thk^fOi He asHurw^l uje tloat Imtb fljwolea wpro ait ihelr n?spo<rllve breetUnK- 
arooDdS by mlllloaa, that the eKps of the firwt lay on iha Hatiil uiuler btisTies, at 
luteiralB of about a foot, while tbe noto of the Sairt were plaeod aa thiokly on 
the bosbea of tholr own cbo.SL'ij hilaod “Before wo oast anchor/' he added, 
**y<iu will jw tJu>iii riflo In a^aitoa like thoye of bees wlion dlHtnrbed In their 
IdTCf and their erica wilt deafen yotL'^ 

Ton nuiy aoEily kmaglup bow ^uxluus I waa to reaH^o the pk-tnra; I e^prot^wd 
a wlEh to be landed on the island; hut tbe kind olflcer replied* ^My ^ootl Sir, 
yon will Boon be tired of their itH.'esasiiit nolso onil imintberet. and wllf enjoy the 
procurlnu of Booblea much better," After varEiiUA turk^ we rande nor way 
through tbe rurloas and ait4reiJ!elF dnnk'erona channel leading to the wiuill 
liurhimr, where wo anclkored. As the cliAin grated tbe ear* I j^aw a eleuil-llke 
macfl artw orer tbe ** Bird Key " fmiii which wo were only n few hundred 
yard# dlktnut ; and tn a few mlnutofi the ynwt wa^ earrjlng roj-aelf and my 
ajwijrtant ashore. On lathdlng, i felt fnr a moment as If the? blnJa woulil raise 
me from the gremed, ao tlilek were they all mumh nml ^ quick tbe motiiin of 
their wlngt Their cries were Indeed deafeniEiK, yi?t not more tJiJin Inilf of 
theiEi took to w'lnjf eo otir ttrrEval, thcKw wbEeb r««i- being ehlelly tmile Iplnls, na 
we aflerwEirtlB ascertaltierL We rnn ncroea the naked benclu and as we enteTed 
the fJiiik coiTr before ns* and spread In dtffereaC dEreetiona, we might at a^ery 
Btep Imve caught a sitting hlrd» or one aeroniblEikg thrnugb the bualii>s to escap* 
from tta. Borne of tlie anllornp who had more tliaij once been there before, had 
provided thenuielvea with sticks, with which they kooclteil down the blrdu m 
they flew thick aroimd and over them. In lesa tlmu half nu hour, more ttiun 
a hatalred Terikit lay dead In a heapp nnd a nniuber uf tnuiketB were flllod to dm 
brim wEib tiien returbetl on board, and ilecllhed illatiirblng die rest 

any m-Lure that nlgbU ^ly oaal.Hinatp Mr. H. Wanb of Ijuadcpu. skiniunl upward 
fifty spcelmeika, aldeil by Qnptnlu Day’s Borvant The Kdtorfl told me that 
the birds wi'rs? eaecLIeiit e^ttlag, but on this tH>lnt i ctinnut si\y niucb In wrrob- 
oratlob of their otkhdon, altboui^ [ can ttiMy reeomnM?ad tbo ng^i I oon- 
RldefHl ibeni ik-lLdoliSp in wliatiwer way conkefl, and during oar atay at Uhs 
T nrtugas we nevor passed a day without pruTidtog auraelves with n gpj«>d 
quantity of tbem. 

The next morning Mr, Wunl told me tJiat great nnnibe™ of the Terns left 
their inlaad at two o^clotk. flew off townrda tho sea, and relumed a litttr tkofore 
day* or about funr o'etock. Tblii I aftenvordi observed b> |>e regularly the 
ense, unleaq there bappenetl to blow a galep n proof that this aperies sees as 
wall during ihtt night ns by day., when they alsu go to sea tii seiireh of food 
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for Uu?iMBelvt^ ikiul tUtflr younfi- In ttila recjiwt ihv^y differ from tlie £^mia 
wldcli, wlicn ov^rtjiken ut sea hy Onrtfioiis^ even wLt-u limd la only a 
ffew mlica dlstnnL, iiHj;hL ou Lbo water, udJ frvKjiiyiitly on the yards ot V£-^ss^ls, 
where Jf undlsturbnl tJiey steep until i\m return tti ilny. It La from tbls dr* 
ciuostnjLco tJiat tlkey huvo ohtjilned the name of Noildyi to wliiiih Lii fuct they 
arc tnudi better euiltiod ttiun tbo present vvMdi hUo been ^ 

namod^ but of wWob 1 ne^tir ubsorved any to ullijfht on a In which I was 

for tblrO^-flve tluy^ la Uie Gulf uf ^lexlco^ at a titao wbou tlmt bird wais oh 
nbmalant durirki; Uic day as tbo other liiwclea, of which matiy were <1*11 light nt 
my dedro by ihe suiianL 

Tbo present ^lanjlcs tiLTkily allgbis on the water, where It seems lueommoded 
by Its long tall: bat the olhor, the SicnuG wLJeh, In the shaite of Its 

talh and lu af its habits^ show's an affinity to ihc Fetrcls, not only fre- 
finentiy nlights on the sea^ but stvlnts aixfut on floaUBg pntebes of Uio Gulf 
Weed, t^eizlng c>a Lhe smaJl fry and Ittlle ertilHi that ore fouud amoD^r the 
branches nf Umt planu or LiumedlnteJy beneiklh tlicni. 

1 have often ihoaght. filni:!e I beenme n<-qiuilnted with the hahlts of the bln] 
which here <kceil£iLes nur attonllon, that It dirrem materiully from nil tlie oilier 
spoclee of the E$ame [p^ntis tket occur ou our caustii. The Slcntfi faU^ino^^ 
Dfiver dives IketidEohg umt per|»eiidlE.nilnr1y xks the smull species nre wouE tu do, 
such as isV. hjrviHfo, HL orcfioo, flou^lilfi, or aiffru, but 

posses over Its pray In a curveil line, and picha It up. Its ai-iloti I esnuot better 
camimra Xo that of any other bin! thaii the Nlgbt Hawk, w'blle plunging over 
Its femnle. I have often observetl ihla Tern foHow and hover lu tlie waho of 
a porpoise^ wbLIo tbo latter wus puncuing Its prey« nnd at tlie Instant when by 
a suilden doMi It frightens and drives toward the surface ilie fr>' nrotuid It, the 
Tem aMSUildetily puases over the spot, and picks up a small fish or twu. 

Kor is the hlght of this Tern Ghunirtori35ed by the huayanty uud unElecldiHi- 
Dess, If I nmy m siipcak. of the other siieoies mentJoued above. It being an firm 
and steady as timt ckf the Cayeone Teru, eieeptlng during the ujovcuieiitH- jier' 
fonued In pnKmrlng Its food. Like some of the amaUer guile, tlil^j bird not uu- 
fnequcntly hovers close to the water to pick up ffouGug objects, such as smull 
bits of fat park and gren^ suhstances thrown OTerhoard purposely for nmkini; 
the ciperinsent. It U Pot Improhable that the bnbits peculiar to this species, 
ihe >-xKld>% and one or two others^ of which I shall have occaslou to js^kcikb cl^ 
where, may tetnl to Induce sj-BtomiiGe writers to plpu.'^c them In a new ■“sulk- 

gfiUUfl,” 

Tliere Is a rltcumstnnce eonuected with Gie hahlts of the two specEes of 
which I now more pnrtictiUirly speak, whlchi alUamgh perhaps somewhat out 
of placOp 1 can not rcfrnlu from Lutroduelng here. It is tMt the Jifor^n 

alitnift /ortflj a nrtf on tre^ or bitiJk% ou wbkb that bird nlJghts wEtli ub 
much ease as a Crow or Thnwh; wbereai? the f^f^a never forms a 

nest of any sort, hut dopooits Its egi^ in a slight cavity which It scoops In tlie 
Baud uniler the treM But. lTflder+ let us return to tbe Blnl Key* 

Early Um next luornlng I was put on ^mre, and retmiltM^ there until 1 had 
coinplettKl n>y oboen'litloiis on tlie Torus, I paid no attention to their lomeul- 
Dhl# crlos^ which were the less plertlug that on this ocenalau I did mit 
them In tbo least, Havltig heated myself mi the shelly sand, wbtrh hero 
formal the only solh I retoalucil almost luottonless f»r several huursv In eoii- 
sHluonee of Which the birds alighted atkout at the distance of only a few 
ynnla^ ao that I could plaUdy see with what efforts iiud iioLdh iho youngior 
fenmles deposited their eggs. TheJr bill was op^n, and their pantlngs Indlcoteil 
their dEfftrofls, hut after the egg hail been expelled, they ImmMlIately walked 
off Id da owkward maDucr, uhill they reacliod a plncu wliom they could orise 
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^Itfaollt Htrllftn^ tlic brj’mchE^ isf tlie biiabc^ nmr wben ih^y jitvny, 

Htrc and tliarv^ In ntitapraua pluLwa wlthlo twcntj- yardH &t femitlcs^ bav¬ 
in^ thi^Jr wf e^ipfH allght^L am\ (lul^ly tno labour cif 

iiKrubiiUua, Nyw and Lh^^n a uiala bind niao svttlc^l doaw by, and [muuHliatidj 
(lla^rgtNl u siiuill fish wJtblJi tiiie rencb of tb? feiratic. After bouio euriotiv 
rocljiironil briilB of which wor* dotihtl'esa latcDiled aa nrairba of 

offectlott, the witorer woubi lly off. Se^oml IndlvIdmilB, whtrh hud hut eom^ 
liw nml Inyln^j t sow scratch the aund with thuln faet. In tbi? mauncr 

of the coEiinion fowl, while Bcarchln!^^ for fd<id. In the cr^im of this Mihemtloii, 
they fmiQoatly seated thcEUBcIm In the shallow IkisId to try bow It fitted 
their fonik, or lUiil oat wlmt woii util I wanted to cn^njre theEr cimiforL Xot tJia 
JciLit bH>D]hIanc(' of a Quarrel did I ohMcrve Iketweim illiy two of loiort^tlbg^ 
crciitiirefl; ihdecd, they all ni^fH^nred. afl If hobli'y hieinbers of a sJisj^li* faoilly; 
and as If to jrratJfy my attuotft wl^es, a few of then^ w^nt through the iirowsw 
of eourtslilp In niy itraseoiire. The mule blriifl freQuently throw Uielr {leasts over 
their back as ft were, in the manner of several ifpeclea of tfulb; Ihfy nlso 
uwoUetl out their throats, walktil roaud the lenados^ and oialeU by uttering a 
Khft piifflu^ Fotind as they t^iressed them, Thun the tH!*ln for n iiionient or two 
w^nilked n^und each other^ and at length taatt ob wing and soon dlfiaiji[ieaped. 
Such Is one of the nuliiy sights It tuis been my amMil famine to wltia-su, uEid by 
cEteh of theUfc Lave 1 been dLNfply Lmiinu’^sefl with a t^eiuae of the [len'adLtig power 
of the DeityH 

The Bi^ity Tern always Inys throe eggs m tt23 full number, omf fa no lEistunco, 
among thonsanda of the jwsfs wlileh were ort the EIrd Key, did I hnd on* more 
wliim the female wm Sitting close, I wms il^^irous of OBeerbiKtijng wht^Lher the 
tmile and the female Ihcubate alternately t bat thia I w as uimble to do, oa Lite 
birds fitHiueblly left tlielt eggs for half nn hour or eveo tlLreeH^iuortcre nt a 
time, but rarely longisr. llda clretunsrtnitce, topethpr with the very slEght 
dlfferetiEie in size and -c-aloar between tlie waa tlio cniise of my faltur*. 

It w‘ciu nirlous to ohiaerre their actions w bentwer a large [airty luniJed on the 
lNbLi]d. All not enga|a^d In Incubation w'onld Linmc^lintely rise La the 

air aud seream aloud: those on tlie gn^utul w'oold then Join them aa qiLleklj 
as ihey etmld, sml rhe whole forming a vast mass^ with a brotKl extended front, 
w^iuld flit It wore chantc hr, pa^a ever for fifty yarvls or no, then auddcnly wheeL 
round, nbd again renew theJr at Luck. Tblu they wattkl repewt six or eight tlm*a 
Iq sueciwion. When tJjc Kullon^, m our desire, nil shouted as loud oa they 
could, tlie phalanx would for an lasfnat beeome slleiit, na If to 

gather aur nieaning; but the oext tuoaicntf like u huge waTo breahiog on the 
brecli. It wiaild rtish forward with ilenfenlng noise, 

Wlien woumleil and Ueloed by the liund, UlLfi blrtl bllca aeveralyi, nnd iiLiere 
a plnlntlTC aifforing from Ita umtuiI note, whkh |ji loud and BliriU, rc^iu- 
hUng the FQrClablcs 0<hC€f ch^cc. Their iii^t?s are ail aeoupeJ near the motB or 
atema of the hashes, and under the jflhade of their tmughK, In many places wlLhln 
a ^ev^ of earb other. There la le^ dllforendo between their eggs, ihaa la 

-rtimmonly seea la those of WTiier blrtbf. lioth with ike tmd colouring 

They sp-^relly uieasuro twt> laches aUil oao-eEghth, by one and a lialf, have u 
smooth slu-Si, with the grouml of n imle ereain coloar, spurEngiy marked with 
vnrinus IJng^-s of light lab umlier, and Htlll Lighter marks ot Fnftdp+ which uppear 
ft a If within I he ^lelL The LEeatetuiaip N, Lacoate^ liiforn 3 fpd tue tli 4 it 

NhorlJy flfier the yoaiig are hatched, they mmhie pell-meH over iko island, to 
nw*i!t tlaelr [lartTitH^ aod be fed by thecu; that thi^ birds have been kuowa la 
t*olli-i't tlw^re for the purpc9i‘^ of brt'Cdlng, sluoe theoldosiit wrwkets nn Ehat ciMSt 
^ and that they uAusiiy arrive In Stay, ami remain uhill the 

beglntilisg of Auwu^L when they rellre southward to ^yrtu\ the winter iimuthtL 
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I not however ohtnJn a wufHdentlj? arcuRLie ileserl|>tlyn of tho Oiffenaii: 

of t>lutiuige which they hu us to ennhle me to de^Tfibo them 

in the nifltitier 1 kliuuld w1.*^b to lio^ All thot 1 can say ts, that bcfoti; Utoy 
titke ilielr ilejifirttm>^ tlie youlijt are ^ayhih-bro'em iiboii'c, duN white beueaib, 
and have £lie tall very oliorL 

At Bird Key we fcuod n ptirtj' of ^Daafsli Eegera from HaTOnnali. Tliey 
had alrefldy laJil Iti a cortfo of about pIkIH lutift of tlJe of tbia Tern and the 
Kotidy. till uaklai^ thenn bow uurny they ibey Imdp they ansiw^ered 

that they never ctjuiitcd them, ■evou while Belling tlacm, but dlEitHwed of them fit 
acvoutj’-flve iier gallon; and that one turn to unirbet soEuctlmes prcKluedl 
upw'arda of two Luiidred dulliirs, while It tofik only a week to sail bnckwiirda 
mid fonvneilii oml collect their carflo. ]^iiao who now- ond thou coiul 

from Key W*^ bcM ihoir epps at tw'olvO uiid h Uidf Wiibi ihe ilost^u; but whore' 
ever theae cnrrletJ, they must wkmi lie ilbiwijeil of and Qiktfm, for they 

become putrid lo tt few weetes. 

On rofeiTlhK niy Journal ouco more, 1 fluU the following remarks with 
referenro to the Sixity fenu It would appear that ut some period net very 
remolc, the Noddy ^ ^f*'ntn atoUrta, must have bad 11 In mnteui plat Ion to up- 
proprlato to Itself Its nelghbour'a domalmi ; as on oTamlhathm of this lalaud, 
sevenil thidtaunil ucsls of thiit bird were found built on the tejw of tlic bushes, 
aHhoUph nil birds of the i^ieeles w'Ore about them. It Is tliefofnro probuhlu that 
If fluch an ultenipt wns mude by them, they were defeatofl and film'll to coo- 
line theiDselves to the neighbuurlup Island, where they breed by ihem-^lves, 
althongli \t La ouly n few miles distant. Tlmt such Interferenrea and eonfllets 
novy uud tticn occur among dllTereiit species of birds; has often been uhiStirviHl 
by other iierBona, and In Bevenil InsUini.t^ tiy myself^ [mrtkniliirly iiiuiuig 
HenuiU, In theae cnaea^ rljiht or wruiiR, Uio arrouKt'r («irty never fnUa to tlbl- 
liKlge tlm weaker, and keuti i>o«a$4‘Sjsloti of the dlsimted proiuiiL 

Soon after the birds arrive on the island u nesting she is sought. 
Dr. Watson gives H most gtapUic account of tlib. I shall therefore 
let him spcalL 

Uly olHMawations tiegan late one aftomoou, liofore uny eggs ha^l been laid. 
iZundr^oibi of tlie hlnls were (p-nuiied togetbier, Lni.-essitntly hghtLng anil scroam- 
jjjg. 11 quickly heciLEtic apparent that motsl of them had chosen a nest site nud 
were defepding U ugEln^ liU late coiuer^t* Boih nmle and fomale were iurcsent 
Kuch ifcTilr In thb piirtU-ular locatltj- defctuled a elrcular territoryi roughly 14 
Inchi.^ tu 2 feet In diameter. Other hirds In w^nnilerlnj; afoxind W'ouht situnihle 
into this aacred territory nnd a nghE would ensue. Tlio flghbi wmiUI often bud 
to eiicranchments upiui the territory of stllL oiher blnls. The numthcr of those 
flgliilhg would thm tie comtantiy lni?reaseil. I ha ve iwc-ti as many m 14 saotles 
tJiijji engaging In a dght. Blnltf^ lU and W feet uwny w^Id rush into the flght 
iLnd the nulBie unit iniufaslon iK^-gEur*^! dc^rlpllau. Somctlnu'H mm tuuliy m 10 
or in such fighting groupM could be ol^erred Ln the area of l^OOO seUare fwL 
Quiet would fatunentardy eusilo nnd then he broken hy anoMter series of dghU. 
During the choice of tbe nesting site the lights eontlnue day nnd eight, with 
only Intennlttcnt [ntIchLs of ttuleh 

Of the acttLal nest construeimn he tells the fnUotving: 

Tlie actual construction of the em^sU whi^n a nest struct iiro Is foruikHl, hegins 
after an untlefcmlf^ urtti han beca fi^uml. Tlio process of buHdllig 1# wmn> 
what as follows: The bird puta the breast to tho ground, thereby supporting 
the body and leaving i1m.‘ legg cumpurutlvely free. The feel nro used as n corn- 
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bhm\ HtTEiper miU isiioiri^L A law buekwani Etrokoa of tin.* fei^t wTilch 

hoih 10 ItMitHVi Ih^ stint! ami ta tOmove It froni R>efjeatii tiio Tlio 

bifil Uioa turuA iiinl rLiN^uL-^ the process. lVUJ?n It ht\s turrmtl (or 

1e?&) it be- 4 iiis io hm> tlio brt^t im a ^fhatior. By contlriuiog this prcK:c 3 s, the 
clcprcs3f[oa Is jssm mm\e to assume (hp rcquIroO tllaimter uinl doiilk My notoo 
Bhow that thi! iMiy ee^liir ipavits arv oflpn ^aa>n.HJ up ntkl pluped urouud tlio 
rim of the an the hole Ls bpltijj dn^ I cofi not siiy which fipx Ltie work, 
but I helluva* ihiti Ihuth iiaile ttiul fpitiulu In It, An iufon ns the tlopres- 

Hlon la liiatfe. iHitli blnla bejftti to dcfpml It Katural]/. whore no ii**st Ls nittde* 
the ijost site iitoue !s cho«Mi and dofendeil as described oIn^vo. 

All iipisroxlujule count of m total aujiiher of tbo m^oty nests tins hinde In 
1003 In the fullowfntt wnyi Tlajw! purta of the surface of the l^amJ cjcmtutnlnfir 
nests were sxiIkI hided Inin lO separate areas. Tlie ntitiilMT of aquare feel In 
each aruu wjis next deiermlncfh Tlie averii^ nuuihur of npsta [nptitn w here 
et^ were ilejwKtilUHlJ per sriunre foiit iivas tlieu determined Bc-minitely for 
eucli ariHi, By uiL'ana of Ihese duBt. tlie total (uptipoxlmateji nnraber of nests 
on tJie I^Mand wns fnnml tu be 0.420, Multiplying by two. as in the prcvlorng 
cas^, we have 13JS&S as the total iitLcober of aduU stooUert, it may be flaUl that 
the nbov^ deteniilnation iivas made lute In the broodlnj^ scin^ii. after oJJ the egffa 
laid been kliL It may nNi la? of InteK^^t to twHe thut In locwlUtcs whure the 
nosts are very numer^oLM tJiey oltec are not more ibun 10 to B! inches utairL 

Plates 5, 6, 8 show the disposition of the nesti, for eudi bird In 
the picture is occupying his home. 

The sfwty usually kys hut ono egg, though occasioiially two nro 
depcwiled. WnUou found only 25 nests eontainiug tiiore'thiiQ one 
egg in all the thoiisniuls eiEaniined niid but a single one in wliich two 
birds were actually hatched and reared. On plate 8 are figured fire 
eggs selected to show the greatesl range of color variation observed, 
for although the g^eral type of coloration is very similar, a con¬ 
siderable diversity is found to bo present when one actually searches 
for variations from the typical form which is represented by the 
figure. 

ll'ntson pves us an intimate picture of the changes that take place 
in the habits of the adult bird during tho various stages of the 
cycle that begins with nest building and probably ends with the 
birds leaving the island. Ho has with infinite patience worked out 
the daily life routine, with all of its vicisaitudes, of the young bird 
from the time H breaks from the shell until it finds ils win^ T shaU 
therefore let him speak. 

The ^!(.ntTal UUi|Hw{tl»u of tli^ sooty, tlhe that of the noddy, citanm nfter tlio 
ese la Iftid and la the same way. Ronw of them la'Aime far halder than the 
nwlillea In a eonwi;NiiHllDi; alTaatlDU. it wn» rn^ttble f(pr me to lie down witfda 
n few larhfa of a hromllna (snoty aait have (t reniiiin on the nest IniteiinUeTy, 
If the luind ts extended toward the »ceity it will attack vliforooaly. hot I 
linve never hnd a sreup of llylnB soutin attjitfc me ux I atPiTtmchod Hi* vicinity 
of I heir lutoa, hm wna aainetliaca the case when 1 ventured too near the eetfta 
of the niKidlex The hlnla are very vniinMo In thla rMpect, When oirf* ap 
pninchea n DelRhborhmnl CMitalDln; tnnay nests, the majority of tbe Mrtls win 
fly U!> Into the olr, drcllnfr rtrund and mniid, BerfBailnB all the white, tf one 
nxdalna quiet, the blida wlU tntdiully return and i-ovor the eggsi Gradually 
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tho nfflls ime'» jwwStlkSu will \va tnuUDUHly ap^rmtcti^d nn*l then wtdpIinL 

A eert iiln suiuU purwiitiiKe of ihkn hirila will in^pyilii on llie uiwt. jm mntti’f liow 
violent tlie ali^taiiipiioe. 

It appc^ira * ■ * that tho iAift ut tlio oeirt: Is rouRhly a dliiriml ohd^ hut 

that at times It may not occiu cicept on® In 4S houra. ■■ ■ * Apliareiitlj 

TOf 3 (St of tVifr shlffst are nmilp at night, I iittMnpt«l on many OKnea^ofis to 
mins the hour of shifting hy lonTln^ a IrtnToni ilio nest ond umklaj^ «1 ih 
aervatiDDs tluflnf: tho night, but the light coulii uot he arranged so tus not to 
frighten the hlrda, and thelf reactions ennucfjnmtJy wen* nut ntitnraU Tlip 
hinhi would refuse to eovor tlielr if the light were matle IntoUiio miiungh 
to ho of value to luei 

Watson tcIJs «b that observation on 10 marked nests proved that 
the period of iticuhatSon for tlie sooty is 26 days. We continue to 
quote front hUti: 

Durlap the flret three tlayi* after the appenrance flf the roans, the seotr i* 
rcluetmii to leave the aad qpm on dlsturhftnfu. Lid or Hio -idnUa fly 

away at the MllEhtuEi dlBtarban*:?^ much m they do during the "laylug** wA- 
Bon. It la InterefiUuK to ohserve at every dlsiturhjujcu of u aostlmg plaee how 
quickly ihc gronud will Iw d^^rtnl by both young atnl ahit after tliu young 
have refidied the ape of 3 days, Aa ih^y leave, the alurm cry Ifl »oundetl And 
Ilie ooumiotiDii sprvflda tu all the neair^ky heStA, Wheu quiot Is restored the 
blitla ngalu Alight near tlia nest and gradually approach It The young blnls 
meantime have run Ih the hii-^hk^. wltere Uiey n>ninln motionless after sticking 
their heads into ibe crm-tih of aume bUAh or dcikTc^ug Uia body agulusi nuy 
convenient HoUd o^^Jectx Tlio protective coloring of tho young eooties Is marked. 
When aiollonlesA, as above suggested, they nro difOcult to flud, AVheu the adult 
retuma to the nest* the young birds gmJmilly come frum Uielr biding pbees 
at tha peculiar clucking cad of the iiarent. The iwiirnts fafter the flrnl fn-w 
days) recogalKe their own olTsprlng with ease and aecnraoyt often going to 
meet them as they emerge from the bnahes. ■ * • 

The adult Would circle over the area and give a call; It would be an- 
awered and random movements would give place to direct. The bird would 
steer Immediately for the source i»f the call, By [KK?u1Lar chuokllag souadsH 
whtoh are emitted at this period wben mates returup one can be sure that the 
proper nest Ms been located, I this mnnj times during one ei.'enlcg. 

After the young were 20 to 30 days old I have heard the young birds auAwer the 
call of the pnrent bark atnl forth a diiMn times befunc the latter actually 
nlightiKl. 

Neltlier young nor old is quiet during this perloil of the heating seasom On 
the coiiLmr^’^ the noise la practically doublctL In niLdltlon to the onllmiTy 
sounds toadc by the adlUta und the hew otiM which are nddiM] nt this time, thvre 
Lm present tlie htEb-iittcfaed, Insistent peep-|ieeii *' of the yming terns, 
liu^ntutHy the souhds uf tho adults will cease and tho cries of the little «cica 
renUiul one very strobgly uf a poultry yard on n Lreukendona »mle. 

Though the parents feed the young at niiy biPur of the ilnjt feeding can he 
moDt easily observed at ditak. It has already hoen mentloueNf tlkut the anotles 
hurry home at nightfall Id great mmih&rs. From ^ unUl p- m. this fuedlng 
procesa keepa the Isdnnil In commotion. Ttkc heeding of the yuntig birds bas 
many Interestcit epektntore. While I have never seen tlie tem# from the neigh- 
Mrlng nests, which may be observing the procoKS, ailompL to rqh IM yuung hint, I 
Ju(lj?e from the adions of the fcwtlng parent ttuit such Is ocfasionally the case. 
If Uie [urent hnppeua to dlagorp^ mote than tike yonug tern am tukq Into ita 
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btuk aiui the focKt Js ullowed ta iWI the erouail^ Ji b lUiltc^ciuFf ta waitli the 
rapKiDb' with which Ibe pflnent picks up ibc fcwd nml it, orfcn- 

tiJuf'S ilie nMte of ihv fce^Lii); purLi^ut Isf near; Its^ rflie Ls a putvir poKslw oao 
when the "i^iectHton}''' nttempt ta approaeb ton Doar, Iw irtirt Iff then t« 
In warUiiii; them o(L * * * 

The parents nltennitely fwl the younf^ hot LujfteAiI of a dlunml ]>i-no4l of 
f(K>t|ip(t, auch as tlie parents have before the spiw^imnoe of ttie ^'ounj?H the Ititor- 
vaJs iiary anywhere from four to seven hours, « * • 

The taw vt the younj^ o^fpeclnllj from m daya on. mujit be nn eihaotitlnK 
prot'ess fnr the pnnmis. Tliey Eiecoiuc umarlatetl amt i^mewhat beilmf;£lctl 
in appennince. Thla Is not to he wondoreti at wiieo we eanslder that o healthj 
young imoty con tttt aujTft'hcre fruu^ to -40 mlimewii of no InsIpiIOcant sl 3 » 
hi a day. It may be of i^-eiicral tnier?^ m note Unit after the ftrst few days 
djy parent always reeoaialzea and fe«!s Its ovm young and ho utlien^ and fur- 
UiiTnprpre, the young tem recognlm Its own ]airents and atlonjptff to feed only 
fronj thtm but onw oiU of rinuiy thousands of obsenntlons did I h 

youiig tera be^jig fiKhl fruin a atranger. 

Watsoti and Lai^hley huvo shown conclusively by a large series of 
esperiiuents tliut the sooty tern seems to entertain mun^B legal as|>ect 
of property rigJits. 

^^auy attemptH were mmle to shift nests to the eilge of tlie beach wlUi the 
purfHifie nf transferring them to mfts la the hoi»e of ultliuiitely tmnNphiutifi}; n 
part of the colony pj other keyia, but however slowly such ablfis wete made 
(d liK’hes or m per day) the nesPs were either uhanduned when moved -t feet 
or iHw rmtii their orLgtuul position, of the ckkb wore railed bsek us fast ns Ua-y 
cotiliJ be moved forward. 

On tile other hand^ a verticAl elevatioD of tho to ti considerable 
heigiit dill not caip^ its abandonment^ as slitiAvn by the following 
esperimeat luade by Watson: 

A neirt WHS chosen Lii au epen spoce, but very dose to some busUea I oh* 
lltemied the nest as the blnJ Imd coiisttucted It. Inserted a hltnk pEm* flllcd 
UilM ifli’ltli sanilt and constmeted a iic«t lii.-slde of In This ficivo me nn opper- 
tunity to move the nest iipifujif us well as Latorullyi tin. retnmlng, the bird 
idlyhted on the nest without showing tiuy jdifm* of illjrtnrhaat.'e.. An hoar later 
I eimie back niid pulled the pain out of the saud and put a fow^ wtlcfes under it. 
The b(n.l returned, hut ws^l% not diftnrticd by thhi sll^it change, I then drove 
In fuur Ktakes. 10 eeudmeters lilffh and muunted Uia pun tlmreon. This served 
to tnii^ the nest upward widiout disturbing the other rehiilans of the matt. 
TN bird on returuiiig aUffhiriJ fhnmrrfialcfy cm nc*f. The other birds t-nthcred 
aruujal cranliiK ihclr necks nnd pwrEng upward. The bird then altjod up and 
cumu to tluf edge of the imu and peered down. This seemed to disturb it uiid 
n flew to tho erouml, hut hopped up aguln Imim^lstely, covered the egg und 
oat there In cx^mturt the rest of the ilaj', Ralolng the nest 10 eeutimeters Lu 
the ulr requin-s nlmost no adjustment on tho part ef the bird. On account 
of n fftonii on the iHluhd, which laNtt*^! for tW‘o tlujh, ho funlicr experiments 
were hmde nt this time on this: iiEst, I m'jet mipe^l this nrst UJO cvntlmetem; 
bird alif/Sn d tjonircfiutrly tf^aareS^ oji the iop o/ the ntti; did not umke a false 
ojciveumut On crohing neck over the ftltp* of the pan a dttJo luTer, howiivtfr. 
Ik^ueuc dE^urtoKl tind alli:litE.*d oti the ground, and tenuilne*! thfre for mid’ 
lile« without n I templing itgEilu to gti on uestu t fotetd the bird to dy up, AgnUi 
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iilJftiited on tliG DCflt and bi^gsua to brood tiie pgg la comfort On uijr i-s-tyrd 
Eoveriil hours hi Cur It was still sitting qnlcHy nd n^L 

On tlio second ilnf offor tlilH (when thUi Eotno blnl wns nt the nest agoing 
I IfPWDriKl the nest twii-fe to lO centimeters, its first tertleal poeltton. On return' 
lug Hie bird sllRbtecl siiuarely on the nest, tnolHng perfect nitjDstinent. I 
jimrfMl the bird iLWiiy, On iLa return the bird npnlft odjuniod aceumtcly. I 
ncsl nifiveil ibo nest hnek td Hie height of 100 centlnwier^, Hlnl returned and 
nligbtiHl oa egs an<l mlJuMteil tu It before I could get hark to niy ]>iH<lLlon la 
the bus+tii^. Adjustineiit In Hi* verileol plane is made with exceeding rnpldity 
iPDfl eni?n, 

I rheii movcfl the nest 100 wntlmeiufs to the onau Veaving It 100 centiniclerH 
nhiive the proiitiiL Behavior of btnl very intertwHog, Wnukl nel alight uu 
nest Anghtid at the former ground position. After u long time flow from 
the old pixsStloti nnd up to new poslHon of nes-t. Tumiitliatnly lioppeJ down 
and l>cgan n niopt iHiculittr [terformnnee. /Jfrif lorufhf ftorrr iA Apfi^Ct rsttrrApiinff 
fo A 4 }M 3 t ft} f^i- nr#! tit fht fltr at Ifs former pojfWr»^ onrf JirtpAf^ It w^ould 
thea fly nway again nod rome Mck to I ho old posttion ami try to alight in 
TEda wna done 30 tinier At tbo end of 20 iiilnutes the bird iilighted 
upon the jmn Ln Ita new poaltien and sat dawn an egg. I then Beared the bird 
away fi mjeceswlve tluiea. in see If it w'otlld alight immeilSafely upon Hie piirL 
Karh time on retumlnif the hlnl alighted nt the old grotiinl poslHun and [iro- 
cwleil from Ihla ptiXnl In the now poaiHon of the nest. 

1 then [Hit the priu bark Ifl Ilh hid iM^irlon, Bird returned nnd alighted on 
pan Jninierllately. In this poaltlun I then mlaeil ihe pan to a heigbt of 200 
couHimders; This rali^l the nest w'ell up aluive ani' of Ihe Emrroundlng huab^ 
Tills tihl not enuse the hlrd the sJiBhteflt lUtfturbfluruH X fortcil U to tun lee 
three or four adJuBEmenta to the ncift In Imraiptllato 35UCce:^Btoix It mfide theni 
nit with OQnul prerlalHTn. 

Wdtson tel 1=1 ti.s tlint tlit; liabifc whicli he has calletl the sunulng 
reaction in the nchhlies^j while pr^nt to gome extent Iwfore the 
iippennincie of the youngs shows itself in compictefl form as the 
development of the younfr progresses. He also states that he luis 
never seen swtJes ruos^ting upon stakes and buoys, etc^i but that “ the 
sooty alwhvft Ii?ftVGs the islnnd and returns to it without, at nny tiino 
having eeascfl its Bight, This seems rather remarkublo wtien wb 
take into aoiwint tha fact that the sooty leaves the island in Uib 
earlv nioming and oftentimes does not return until toward nigliE- 
fall> 

At, limes^ however, they do rest in elevated positions^ a.-^ shown in 
plate 4, in which a group of sooties is occupying the tops of a bunch 
of bay codam 

When flying low over the water to the fishing ground tho sooty 
resembles the blw^'k skimmer in its flight to such a remartable degree 
that 1 have verj^ often been forceil to pick up niy glass in the hope 
of listing this bird for the Tortugas region, Ttie fishing is done by 
quickly picking up such small fry as may be fortetl to jump ubevu 
the surface by pursuing larger fisJn Tho birtls may lie seen fishing 
singly or Hornetime^ a Uuiidrcd or mores of both noddies and sooli^ 
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mAy be pri^nt^ The number u^nJAUj depends upon the size of the 
harassed schix»l of fish. 

As to die nocturnal activities of tlip blrds^ Watson stal^: 

l-VoiE nthcT obHervalltpriii^ tno nuirn'ronit lo naetiUfiu r^jxiratetr+ t eonrlnUcr 
Hint bII blrdN tvtlitu to Uie l.s^aniJ at nJifliL times psst at aanilfpiva t 

hflto eoiDre from l-iOjiBerhead Key to Blnl Key* The teme am comliij; In by 
himUredR nntl tho^i-satiil^, Uylaf; low over the water. By ilio Ume twlll^^bt hua 
faded ttie venter U entirely cle^■J■tefl■^ Sei-erttl tripa made to Fort Jeffpr^on 
Into at night aliowni that hlriLi do not leave tba inland at lll^dlt. The 
moment the blnnd is reneliKl, how^over, no matter at what hour of the night, 
one fLneJa ^i^tlca btiaUj llylng frunj one place to anothof oti It. 

An interesting pastime of the soolies is described by WatsoiL 

The srcHjtlea nften Konr rotiful au^l roumL gi-Liing higher and higher until lost 
to flight. They usually Julh the frigate blrils In this reactlua. I am Inclined 
(m think that the sooty when snilkcleiitly fctl spemla a large imrt of Ua time in 
buch maneuvers 

It will circle la the oir agntn and ag?<lnT idvlng oat the Khrlll na^nl tilnmi 
cry of Mh* MIl It Is the loOAt resth'm aqeI nolKy bird I know^ ami almost 
h& luncli so ot hlght as daring the day. Slcvf) aiiiharenlly la taken ilurbif \mxh 
djiy and night by dtp^lng niDicientarlly at Jtitorvnls. IIow the bicrl coalntaLnic 
Its vigor with ho moro contlnnoiifl rest than It takes Is a mystery. This po- 
mllnrlty ol thu sooty luis led to the popular EJckiuune of wideawake term” 

THE XfTI>I)V Ti-IHN (Anoiijr 


Here, as in the case of the sootT tern, we are indebted to Audubon 
lor the Brst account of ttiL'i colony. 1 shall quote what he has to tell 
115 of bis experience irith these birda on the Tortugas in 1S32, This 
sketch is the more interesting on account of the fact that the birds no 
longer breed upon tlie key (Bush Key) on vvliich he found them nest¬ 
ing, as all the I'egetation, in fact, moist eTorythin'g sbiflablc above the 
sea, has long since been swept away by the waves. His reference to 
nmldy nests on Bird Hey mentioned in his sooty tem biography 
shows that iioildies had hiiiii nests in the bay cedars of diat key, 
II I though he Status that they were tint occupied at the time of his visiL 
Since then tiie colony has been forced lo make a compietc shift and 
the choice between Bird and Loggerhead Key 1ms fallen to the 
former, where Watson estimated the presence of" 1,400 adult birtia in 
liJOS, We shatl now' quote from Audubon. 


Alwut the bcftlnutim of May, the N<Khllc:i collect fmai all parts of tlic (Snlf 
<.f Mertco. aii-1 the coaaa of Floriila. for the pnrpow of reiuniina to their 
hmstiag plocftc. on one of the ToctuBBa «1Ih1 >'odt|y Key. They nearly eouBl 
m nu^hpr the Simty Teftie, wlik’Ji also hnssl on an tsTanil a few aiUes tUsiant, 
^ NoitillPs fiirrn reifulnr neats of twifew and drj- crasii wlilili il«>y on 

.k** JtcvpT on llw itrmird. On vL.ltln;' their IhIuiihI on 

he ll.h of May. 1852. I rt,rprl«,j ti> see that tunny of them wen. reaiilr. 
iiif and oiiBnKinUujt lUat i^q peamlnml tlimusb the wlLier. while other* 
WMv empluyed la constnicilng nev oaee, and noidc were •Ireody sitting on their 
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i'lzsA. Tn n g™t moor tnstonrp^ thi? rriwirst nests furmoiS iiMrij two 

f««t In tie! gilt, and y^t dJl of them hmd only n ^URht hollow for tho hroken 
^hollB of whirh were fonnU ainom; the entire? one??, if they hnil b^m jitir- 
fittscly plnreU there. The hlrdfl dlfl not atKcontlnne their telwunmilthonph therir 
v’ere nine Of ton of tis walklnpj union}; I he bnsheo, nml when we tind a 
few yards Into the thlrket, thonsMands of them flew milto low^ over na, oome nt 
tltriE«s eainlo^ fto rl!ft?«e lifi to enuhle na to t-eteh a few of them with the hiinfl. 
l>pi ijtie slilc might be seen & Ncwldy rarr>'‘log a ftlek la Its blHi of a htnl pick¬ 
ing tip floniiothliig from tho groutid to add to Itfl nest; on the other sei'ernl were 
jpeoTi salttlng oa their nn;<TjnJwlcnin of diin^r, while LheLr mnleH hratight them 
foiMl The Rrmter perc rtni^e on wing aa wt iidviinee*!. but re-allahted iih stmui 
nH we Imd passed. The bushefl were rarely 1 filler thnti ourselves^ so thiit w^e 
mslly the In the nesfce This wos quite a new sight to nw, and not 
le«! pleiiBlns thnn iTfiorpected. 

TLie Noildy, like mmi other speclcn nt Tema* Inys three epgifn wblrh average 
two iii 4 'hi« In length, hy aji inch und ihree-eSghtba in hneiidtli, und are uf n t^l- 
dlsh'yellow colaur^ spottoii and patcbeil wllh duU red and faint ^mIl^lt^ 
They nlToni ejecelleiit entlna, JtmJ our sflllors seldom fjilletl to eollet.1: hiwheE- 
fnls of them chilly during our stay at the Torlngaw. Tlio wreckers nasuriHl me 
Uiat lUo young hlnla femaln nlong with the old through the whiter. In which 
resEif?el the NcNidy, If this aeeuunt he c«rrec?t* differs from other STWiea, tlie 
young of which keep by Ihcim^lvea until spring. 

At the approach of a bont. the Modifies never flew off Ibelf lulnndi Lu the 
manner of Ihe i^ioty Terns. They appeuroil to go fnrther out to sen than those 
birds. In seartb of ihetr fooJ» wbkh chtiaiwls of fij^hes moslly caught amid the 
nouting sen-wTOls, thesie Terns selling them, hut hy plunging perpendlculLifly 
doivhwarclSp ns other eiwideft do, hut by pklmmlng c1o«$e over the surface In the 
mnuner of OtjUjs, and hIjio hy nllghtlug jiud swltunilug around the edges of tlte 
w ceiSflL 'ndB I had abnmlnnt opfKirtunltles of seeing while oo the OuSf of 
Mexico. 

Tlie dlRht of IblB him grcfitly reseTiildcs tbut of Ihe Xight Hnwk when pns^diig 
over meadowy or rlverw. When nbout to alLj^ht on the wnler the Noilily keeps 
Its wlngH e^itemt^^l upwnnis, imil touches It first with its feet. It swlnm wdth 
coDsIderable bnnyaiicy ami gruce, and nt time* Immcrst^B its head to peLze a 
fish. It doe« pot well by nightp and It tw perliapa for tbip roasun tluit It 
frequontly alights on the spars of \TivwK where it sSeepiH no funiml Umt the 
ae^itriea eften catch them. 'lVht‘ii nel£»l In the hand. It ntlon! a foggh cry^ 
not iinllke that of a youeg American Ctitw taken from the nost On such oc- 
cuslonB^ It does not disgorge Its food, like the CnyDime Tern and other api^tes 
nlthough It bites severely wltli quickly rcxfoateil movoiDents of the blit, w'hicl 4 
on tnl^lag Urn cb^ei*! almcil nU anapx like that of our larger fly-catcheru. Some 
which 1 kept several days refused nil kinds of fnnd, beenroti ilull ami Inngnlil, 
and St length died. 

’WhEIe hovering over us near their nests, Uic?ie blnls era!lied a low quemlmts 
rauririurH a mb If unmolesteib wYKUhl atleiupt to alight on our lieada. After b 
few vlidta, however, they hecniue ratbt^r more ctirefill of llieniaelvc!i+ aUtbougfa 
tlii? Kitting hirils often mjffeo-ecl tm la put n hat over them, L.lke the Sfioty Term 
this spwlea Incuhatcn iKitli day iiml niglit. The illffefences e^blhlteil by Thfeih 
w’itli roKjiect to their niwle of nestling and Inrtibathm, are great, even In the 
snuH? neightspurhiMHl. and under Ihe H;iuie degrr'a? of atmp>4<pliork tenipemtare. 
This sjpecEos hteerJs an hujihen or low' trwif, plnclag niweml iiiiffts an the tvime 
hush, or In fact as ouiuy nn It will hold. The fAUi^tn(;yHo scoops out n 

slight hollow In the sand^ under tlie bushes, without forming nny uest, and In- 
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closely Uk? die fontuSip, TUc £^nt1n-lcLi tbe Cftyenne, imii the l^ofseafce 
Tcra^ dru|> tbftir ofii™ on Uae snnd or the bare n>ck,^ and seliloiii nit upon them 
until avenln^t or duHng cloudy or ralny^ we»t]]*r. Tiio Cayenho. Sooty and 
N<Mldy Terns dUTer grcntly tn tbclr mpM. thrSr nmnnor cf feeding, and Lli© 
of tbclr migrations The titii of tiie Noddy \m ctitietite. Instead of lining 
forked. In wtJcli reflect It dUTcni e^vcntlnlly fmm that of the other aperies 
l^erhaps the naturuHsts who placed It In tho same genuK with tbo fiosento 
Tmi may have been nodding orer iheir tsooks. 

Tile several years nf sttidy by Watson and Lasbley have added 
much to our knoarlt.'dgo of this siJccies, and I shall take the liberty 
to quote from tbein extensivelj in order to render the picture as 
complete fis poii^iLilc. 

Of the mnlingj Watson 

xry notes conrnin o rather fti3l acCimnt of jt Ktrikio!: mT\i^ of reuptlfirui 
liidwecn two ntHlrlics which I took to Iw a oiiso of nuhilog and cliok^ of nesrt 
jdte, hut ftince fl occurred Into Jn Uie and did not lead to a completed 

n«ftp [ uilvaibce It teutaUvcly^ 

One diiy I observatl hovc-i-uI aoddics "'sunning’’ ujKUi the wire coveting t^f 
one of my large cjctH-rljfiK-iitol CJigcJt Suddenly, one of the birds (male) t»cgnn 
nackllng and bowing to a. bird trfaorllng near t female K Tilts nodding rcoctlou 
hi one of the mtist liiEvn^iIng imd ludicrons acts of ibe Noddy Tern, It Jg quite 
eisborute. Two birds will face each other, one will then bow tbe bead almo^tt 
to the ground^ raise It quickly iiiu:]0$t to a verticnl position, oud then quickly 
lower It. He will rc^wat thlis ovit and over ngalu w‘lth great rapidity, Tlio 
otlbPf bird gocF tbrough o nimlbir pantomime. If ft igranger blnl allglits nciir 
Ibe group, lie salutes tho^^e huan^, jun! Ifl la turn flnluto^J by them. Dtirlfig 
the puntotaiULft n sound Is mrely uiade. The fooiuTc gUTc immediate atiefttioo 
and began elXorts to oitmct lish from the throat of tins mute. The amle would 
fln?t make plTorts to illftgor^*!.^ then put the tip of the heuk aljnest to ihe ground 
and Incllite it to the siikIo mnH suitable to fidinlt her beak. She would then 
thruKt her Iwak liilo bis (the ordlnao' fpo^ilng rctLclian). Hie feeding mir. 
tlou was aUennitod with the iiudrilu^ After I his fH^rles ef nets hatl been 
repeated 2d timofti the mule Jlew off and brought a ttlcb- Ho deposited thii 
hpur the female aiul then again offered to fecil her* yho ngnln trle«l to feetk 
then the male attempted saxnal robtlociff. 5be Itnmi^llately flew uwaj, but 
idmost ImiiiiHlIntely returned and allghte^l nt n shglitly different place, Tlie 
male acnlu hr-iUghc the stick and agutu tMiwcil und offered to feed her, Slio 
acei-pt«l the fofHln but again Ueiv away when the male attempted to uioitnt her. 
At this Juncture the lalaud was disturbed aud my observutlonii could not 
ecintlnne. 

The nmldy eouBtructa Ita from (1) loose dead branches of the bay 

cedar bushes; iUJ of nenwepd; (3) of a comblmitlon of (4> of a com- 

blnftUoQ of cither or Iwh of these with vurtoua kinds of wa sbells and coral. 
Whom the aliellH and coml are employcNh tiiey nre oftuti plnced as ap Inner 
IlnlJig 10 the iiiwt and the egg Is deix^sltetl itlpr«’tTy npon tbeio. The fiust Itself 
is a quite vnriabh- ptructufe. and usualEy loosely put toKether. It lu very ahal- 
low, and this is nilMr slugiilnr, sJuoe the wind ofiua blpin tlie egg or the 
yaung to the ground. 

Tho mr^ta ri-malulng fmai year to year ore uUUsctl by the binls at sueces- 
^ve nesting rvrloilH; whether or mol by the suiae priJr rnu duI with certainty 

answered at present. On aceuunc uf this utUlsatlou of the old nest from 
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yvnf ^utir, Hojjie of the olJyHi: n^iE liJivo pro^^n Iq oiiuriiKjiu hIk?, due to 
lUe niliUtEi3ti of HOW uuiterijiU* at Oftcb suex}<^Svc seiitiGn. 

fkuh wurli, brlHffitiU t^nwoed, iOsoU}^ anil t'OrLil. Huth hlrda 

phn^te tlie nt^i cliumHStr by tH^kluj^ and ixullLup nt the sikhs. Tlioy tievor 
the so as- to fot^ A canipaot nod duml^Ic n(?«C. The :^lct£ k 

droii|)eil Qti the r\m, then drawn Snta i»«(t(oiL Frcfiuontty^ ftr^jt one hlnU Mien 
tbo oilier, tdiJi In ibo Ho«f and ehatwR It. tti order tn iJo this ibc blisl fhteg on 
Itfl fs'et iiHil doTuw.'W brcaat ahil tUPtia mmiij anil nmnil The luntorln] 
|H obtained both far and near. Floating atidt-i a ml ^wwood are gnthenod 
frons the wfitor. They frequently nllpht under tho of other blnli nnd 

^ELtlier OKI tlio fnllen hranche?. They OTon take the nHitorJal from olbea- Deati 
whieh are left mcpincnturlly unpnanleii. Prcquehtly enaije. The hlrtla 

Work nrlther stoudLly nor rai»ld]y: lU^ 15, mihuU'? elntt^ Ij4‘foro either 
ttinkea a trlfi. 

Very ottvn the in^'t has the appearonee of helnp eonstmeted directly npen 
the prauuil. but a eto^^r exunjlnnthui iisutiny fihewB tlmt It hn;^ lieen hunt 
Upon n tuft ipf or uimpu the fteni of a buAhp the braaehe^ of which liava 

lieen tproken dIT close to the ground. The nejireat approach 1 found to tJia laying 
of Uie cpi: ujpf^ii the Imre ^'ronud was In the 1*000 of two nentn built on a hare 
lipirisuiiitnl iMioinl Ijinp uniong the cuctufl ktowUh^ In tioch of thi^ mmifA the 
esp waa laliL directly niHin the board, hut seine dpuen or two siaall i^tJcka n> 
tnlued the ecg hi tH^^^ithm. * • * 

oh^rvlnp ihe nrMhlt^ at work t$|wn tlie ne^t, tt euxih heenme apparent 
that the dally n^mtitie of the fetimte wnAdllferent from tJiut of the tuiLle. From 
mriny blualrHln of ob^erviitlonis It waa aloo wlileut tlwt tlie male fccihi the 
fctinde at more or regular lulen'ala. » * ■ 

The nuile returns with n fnlldnilen empr Tie nUidiis illrectly upon the uejfi 
ipf ncflr Uib- fciuijle. The female elE once ahaws signs of llfe^ ami they ap. 

11 roach each olber they lie^:lii np^^ldlug. Tlien the male Invites the fcuinlc te fenl 
by putiJnp: his Wak tiowu Jn a posttlon convoDient lu her. She spIs the fi>5il 
by titkliijg It dlrcelly from the muiitb of Die imde, the mule dlH^rging It by 
stici'es^ive niusciilar eontmetlons of the throat and nlKlomeu. Th<^ Impnesslna 
r^ii- fmiu tills ludicrous pf^rTormeun.^ Is thut tiic bird Li chi^kliig to deatJi^ 
1 luring the whole of the pn^ess of feeding a soft, JiasnU rattling purr Ja 
eudttedp presumably by the fcmitle. This purring sound Is nn Inrsrlahle Ictrli- 
enllon that fecHllng is taking place It is to lie heard ou no etiter oeeosloji. 

After tlio egg Is laid a akarketl change appears in the lediaviur of ^ntlh tbu 
male and the f^ale. The hinist will aUack emi r huuiati IdtrurlerT and 
thirlr defenw of the nest uguiuNt tbeir own ktnd lieeipnicis even more strict tluin 
Iwfore. Ofteutlnies the birds will sit on the egg afnl allow theuisches to tje 
i-nnKlit, Htrlkiiig vloliiwiily nil iTm while with their long* keen, i^iiittsl heuks, 
ImUvMmils greatly In thlii rcaijcet. On my tluUy mnriiK uf? I rapproarbwl 
the vkiulty of a gTEPUp of ticsts, ^■vitiiI ncsldles woliIlI usually advance to meet 
me, striking Ticlonsly tit my Wail Their attacks would eontlnuo until I 
wlthdn^w, Stany llniiw 1 bti%o laid Uiy hiit knocked off and the blood bn^ught 
ftetrt my ^scalp hy their vlelous attackEi. 

Still another nmrkwl diango ucmrli in th# hnhlts af the Idrds: The male ao 
longiT fenls the female. Karh bird takes isiufll turas rit hrofHiin^ the ocg. 
lly attentioTh was hrst culled bp this while t was watching Um hxibits of the 
blidsi before the egg was laid. KcTOral twastn |n the vtdhlty of ttu- plntre <if 
ntiwnation already cotilaliieii At these nests 1 w'as never able tip iib- 

servo the feeding of ibo female hy ila^ male. At tills pt^lod the rwip birds iKs.-onK; 
pnicticuliy nutotiialn. Tlaelr life Is taken up In alternately briMKlIng the egg 
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jiTLcl In Tliv hJnlN Kpejjil III tie i*r tlim* tit 

Thi' one eomo^i to [he tin? otlK»r flkq tiwy to fee«L 

Tlie ficrtod of lucnrpsitrfjn vnrfcs for tlH> ncniijy froni S:i to 35 dnya. Thin fa<it 
\niL 3 qu the of ifl i^bscrvatlonA Tlio johei}; to apptur 

€D itio Judntid uhout ll4y 

Tlic younj? lire mnxi for In the nosl tititil tlu'-y tMscome ntron;; eno[ijs:ti to 
lenre It noil Uvo upon the j^eihiI. The ytmtie hints Iwrn ]n low noittB, 
eren tit n very eurly u^fe clnys ami own t^irlkT), chinilkor from Uiom 
with nlutfrlly and Iihle In m'o.r’-hy hiiKhe# wJ!ii*|] ilun^r Ib Iminiueut, In 
mfluy cases tiieso youtii; birds ciiii not ftet bcicfc to tho n^L, Unaot tiie*?e 
cl rcmn^binces they roiuuln near the nosit kNuntltr^ iicd the laircata on foturnlnj? 
Ann nll^bt on or near the iii*wt and inter hiTi> to the j^^^ond and feed the joniifi 
bird. * • * 

As tho youu]^ lulmnce In dnys nml iit utl InltT uck^s) tho ijflront wlU 

rcfidily Ie^vo the heHt when dhitiirlkefl. Tlio tomloncy tn tlitii respect Is to revert 
to iho tiehnvSor liurlni^ iliu esJT-luj'Int: ssaj^wtu 

Exnnilnurlon of the sloiDEtcli contontn of ImiUl yoniif; mshlles ntnl s^xiCleg 
ahtniwl the presence of r<i>resciitD lives of tin? two fuiuilli^ of il&ii, Coraiijirldae 
flUil Plnpt'frJeic", |L * * 

Thu birds hall hy foilowinir Nchools of ntltiCLow^ which Jtre being atlEched l>y 
Ini^w llBln Tho EnlnrioWp In Its efforts to Gsoa[»u, jnmim nut of the water nml 
^Ims tlif siirfncu for n short dlfimnce. The term pick off tlnse uiinnows oa 
ibcy hup Tjp ttlwve lunl over the siLrfEn; uf the water^ * • * 

Tho birds to&i Hiu^ly or In i^otips, tisitinlly In [inr^uita^ The group may lie 
fM^tnposed of both hocIlIIos ami soot lea ninl nmy t^iitnln fn^metltoE^s an fmilay 
jis fiO tn ntfi InrllTEilnah^v AH dniin;? the day ^uiks of notHlIes and 
ttmy Ino wen at work* M tlic minnows et?a?5e to Janip «liovo tlic aurfsce of the 
wiitiTi, liio jmmp dislmmls jiinl smtterH In cveir ill ration. An liishint Inter* 
ns iia nmik Ik nmde u\nni tho mlnttowa la eome other lomllty, the blrda liu- 
meillatuly rush them mid renew ibdr f€?edlp^ I See plate 2L> 

In this connection T ^oulil ndd that I ]mvc i[t such times 5c«ii 
nodilic.s dive for tlsoir prey willi almost the same vigor that tho 
wmincm nnd least terive ettgage in their pursuits 
I tt^ill let IViityon eoutinuc* 

Appan-ntly* at lUu ohd of iwti hmini ttic amhly lias aappUcfl Its nvodK, for at 
this Utoo It rcfuniK to I he Island end mlliwes Its amte nt the nrst. Tho latter 
then totnrsoul uikih the water nod tokce. roughly, a tw^nhotir tuni nt dahlng, 
then returns tfi the ne?rr. Thb? ronttne of spemllajj tw-o Ihoitw at the 

ht^t nniL iwo ttours ou the wntor Is iiTiifagtHt in hy nit of ihu ]ioilELi«t (luring Uie 
seasons of brii{>i1la:|; nml of rv>'uribg the 

fl'steon and I^sihley also rword jjn interesting and ratlier rare 

habit. 


In IWO *v-D 9 avr wic By tato thu water. MiJ Ita wing*, anil Iwjsln milm- 

talnff like a dock. Ainiut 10 oilier ncHJdles Jnineil tiita one. TLUs te the only 
occnaliin npoti wiiidi wo have wer witactsawl m'Jtutnleg aiovciia.'ntB, \Vc luiva 
at^r wen il,n aemty In ihe walcr, except wht^n nerfitrtit tins overtaken It 
TJi^t la one ml her Inlerrrtlns tllfferenw bctvi'eeh tlic hahlf* of tho nn^iite 

Herr; Every alntte, buoy, or 
^.wi’hT'*"■ Utllliseil l)> the Ofnldy. It will i 4 t ab 

lltne 'rhirh^ir,TH *Y •f*'' >«"« ricrliKls of 
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SpciLklug of the sunning litibits of the noddy« W^ttion states: 

ALthouRh the n?acllDD la lit Niltoiu jpvgaiTioiiH * * » the blnJ-H arp atol- 

htly tndiJTerent to ons* anothut'^ iims&DLTe. TIh:^^- 15II lieod to the 

elaJ>orutel^ preooln^ tlielr feutber!!?* jieckliisf flm fit eiio Xt», then nt iitiotlier^ 
OceoKlonHUy t¥heti another n^Mldy JoIbs the jetoop k mutual uoddln^ Is roj^aEpd 
In which at tlftKMS for no olMtifahle misou ends In n fiEltL The blrda here asi 
elaewhcn! are sIlcnL It I3 Uileres^tlui; to note that a ttohtiLto dlaianee U 
maiiiUiiQOtl botwiva tilrda eiteu^ed io thiii activity. TThj dtEtiiJice hs deternilnetl, 

I iieltcve^ hy tbe lorn? d hi meter of the liwly of the hmi—they must hiiTB u free 
spare In whlcli to turn. I. have jaeeti to 12 birds upon the omib of the Poof 
of the hourt? HepJiniled from ohc auolhvr by distnncca n> reifulur tiitit the nnr- 
nkled 030 unis with dimcnlty dUitln^sutsh luofiuantles 1h tlie etpsicIiie^. 

At night the t^vn hLnls uKiiulh' reiuaLo In Imincheji near iHe iii?ifit+ hut If 
diiittsrhedj both fly nwHy far 11 ahnrt dl^fl since nnd Circle biifk almost Inimcdl- 
nlrly to the newt In fly Ins at night both the utKldy mnJ the niwaty timik their 
Ernix-ifiil night Into short. ungniix-fuL unit llT^il^octed elinpbJ^ very 

similar to the way tho nlEtitha^ k bre^ika Its flight when flyltiE ufter digde. 

Tm: l-KAST TERN {PUrnuU animfimm 

The null for bird pliimjigie with which to denorsito fonvuiine hats 
bade well to exterminate this most diminutive of our terrui. Thanks 
to the good work of the Audubon Society, enough were sovcJ to 
leave a remnant for restnoking. A small colony formerly bred on 
the southern end of TAjggerhead Key, but the [persistent efforts^ of 
eggefB have l)atiifiheii the species from tliat i^siiiud. Last vear (lOlC), 
however, a single pair reestablished itself here mid our plate "22 repre¬ 
sents tliiiw individtjals* 

The Bi>ntheni siindy end of Long Key Ijoasts of a cuhmy of nl>out 
200 pairs. 

The nest of the least tenf is a mere hollow scni[>ed in the Siind in 
which the two, sometimes three, or very rarely four eggs are plaoei 
Not a bit of lining is used, nor is ihere a rim of shells or shell frag¬ 
ments placet! aliniJt the edge of the nest, as is done by some of tho 
other terns. The nests are alw'ays sfatferod,, never crowded, Tho 
eggs harmoniaic extremely w'ell with the oolomtion of tho sand and 
arc very dilhcult to see, even at a distance of 6 feet. It is their 
sliudgw that tisuady relieves them from the sand, and aids in 
revealing their pre?^nce if yon walk on the slmdy side* Tho young 
birds are oijually wdl protected by theij- uioUled coloration, and the 
tiny ehap!^ seem well awnre of this, for they will press themselves 
Hfttly {ignin$t the gravel or shelly beach nnd remain perfectly niotion- 
Jess as long as ihuiger threatens. At such times they arc extremely 
iliBicnlt to see, and it is usually the dark eye^ though partly ciosed, 
tiiat. nffers tlio greatest contrast and gives the clue to the wliercaboiits 
of the little felloiiva. It is remarkable how this harmonious coloration 
effectively appears to eliminate an entire colony from the scene, ?mivo 
tlie flymg, piping, and screeching parents. One may^ for example. 
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pnss ovtr the siinrl flrtt of Lon"' K<?y uftcr the joimg hiive slipped 
from their shell, find not see a dozen yonng birds, but set up your 
tent ou the hrewling giy>iinils, and take a stjiLion within it, and you 
will f^>on sec the parents arrive and tlieir call will cuu^ tho little 
fellows Lo iij>pear on all sides and run up to tJie parents to accejn the 
dangling minnow from iheii- hill* They seem to be springing from 
Hie very ground^ for places which you may have carefully scrutiniEcd 
otdy a few inomeuts lie fore and pti^setl as a 4 ttid only, now yield these 
tiny, animaieil fluils of down. A little later the young birds follow 
the shore lino of tlie beaches, where they indulge in the never-ending 
ocdiipatioo of preening the growing feiilUers, wading, bathing, and 
occasionally tEiklug a swim, if you surprise tlieiu at such a times 
tJiey will boldly striJee uui from sboi^ to rapidly plEico as much dis- 
tiuicc between yon as possilile; after a wide ^letour to the boacli, tlicy 
w ill make a rapid riisfi for the cover of llie rougher gruuiid or vege- 
tiitioju Our figtircis i^how binls in various btuges of development, 
UMually in the 1 tiding place. 

The adult least tern* far ns I know, has no enrmic^S while on the 
breeding ground. The egg:j, however, and probably the young are 
destroyed by the ghost crab {0€^jrad<^ altfkatuf Boac.) (pi. "20)* 1 
have seen large nieinlier^ of this species sidle up to the resting terns 
atsd in spite of the vigorous wing beating to which they were 
htibjected, force the bird from the place which it was occupying. 
This [>er?Lstont annoy a nee on the part of the cniib appears to permit 
of but one interpretation; that is, that they are after eggs or young 
fledglings. 1 have twice found young birdis that had escaped with n 
partially clipped oil wing. One of almost fledged (pi, 25), 

had tlie primaty portion of its wing clipped off very recently, for 
the wing %vas still bleeding when the bird was foitnd^ The young 
Icjist terns may also fall the prey of the few laughing gulls that 
frequent the breeding gitiund during the season, and it is equally 
ptn^ible tiiuL the man-o^-war birda occasionally stoop for these tiiiy 
morsels. 

'Hie fishing of tliesc little terns is a marvelous tiling. Tliey are by 
far the moet active and quickest members of the entire group, a bun¬ 
dle of nervous energy. They gpeeJ over Ihe ,shiilJow lagoon until a 
place is found wTicre, at this scojson, stusll fiali frv congregate in 
counties niimhefs, then a mouientaiy' halt, a headlong plunge, a dive 
w IHi sutEcicnt force to make you fear for t he sjifcty of the bird as he 
strikes tlte water, but it is only a niouieuL und he is back in the nir, 
shivers llie water from his feathery dtKss, talking, meanwhile, in his 
e%er-pleiLsant chatty w'ay as he heads for his family with hie slender 
shining prey, 

^ might spend a conple of hours within my tent 

on the breeding ground of theso l^cautifiil creatures and watch tiicir 
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homo life; I5ce ih^ pride with which the inide couniS with the footl 
for his^ niitte, for he provides for liev during the snciibutloii perimh 
and note how coyly she nccept^ it, und listen to the unisic of their 
conversiUion, for the male apparently be^na to tell about how ho 
cjiujrht it the moment he heads for shore. At limes yon wouUl bo 
unmsed to see how he teasingly reftiscs to relinqut^ a thoioe 
fdiiner, turning' H before her, now on this side, then on the other, 
ever deftly sejuirming to ktM 5 i> it from her; such, and many other 
little tendeme'^sea occasionally observed in creatures of ii higher 
order, aie the order of the day- An hour of w atching these swallows 
of (ho sea gives one a feeling of kinidiip ftiid materially e?q?anda ono^s 
syznpathief=3 for the larger universe. 

TllK liOSEATK TtUlN U^hrnia doitgaUi). 

Last year (lOlT) a colony of about lOO pairs of the rosseate tern 
established itself on the noiigli coral and shell-strewn Tiortheastem 
end of Long Key* During the time of my visit, the h^l day^ 
of duly^ no eggs w ere found, but young in various stages of develops 
ment from a few davE old to individuals just finding their wings* 
Tt was interesting to quietly drift up the shallow hay inc1o?jiH:l in the 
cim^o of Ijong and Bush Ke}"^ and on landing at the northiirii end, 
make a rudi across the narrow hurrienne rampart that connects Long 
vvUh BumIi Key, The outer shnal of thb rough portion of the key 
foniietl the habitat fref|ueuted by the young binh* 

The result of such a sudden visit would be to put ail of the adult 
birds lU the air screaming a conceded protest to the iutrnder (pL “27)^ 
while the young birds would execute ei quick scmnible for shelter 
or the wrttcr* In n fiwv minutes a raft of smull birtls would be swim¬ 
ming in a compact body at some dlstiince oJfsliorc (pi, 32), and of 
those remnining on land not one would be in sighL A careful hunt, 
hoAve^^r, would socm rt^vea! them lucked tiway in the crevices Iwtwcen 
the ct>raJ boulders, 9 f»melimcs several young birds uuder a single 
coral head. Whm poFSible ihey Tvill crawl completely from sight, 
but- if no cover is pre^nt, they will content theuiseives bA" merely 
hiiling iheir beads, ms ahow'n by oiu’ pictures (pi. 29)* At times* too, 
they merely flatten themselves against the rough ground (ph 30* 
fig. A). Xo imtier AAdmt their |Xkiitiou may he, the young birds are 
alAvnya completely in harmony with their surroundings; the colorn* 
tion of the young birds is in perfect accord with the general color 
scheme- We have given a number of plates showing the diderent 
develupuhental stages of the bli'd and its plumage. 

TII?* Bf*j\CK TERN {CARifaala# iiYf/rfi Murinamfunsh}^ 

During last snmniers vdsit we found this aberrantly rolored mem¬ 
ber of tlie sea swallows present on I^^mg Key dtiring mj entire stay at 
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the TortiigM4&; that is, from ffiilj 1® hqIlI tliij end of the monlli. There 
were at bast two dn^sen birds varying in pliLnmge from ilie ndiilt 
blacks Llirou^ii Ibe checkered of the adolescent ro Qie loimuture of 
the year* Their occurrence at tlib time seems to almost indicate that 
tiiey might have bred here, but I greatly doubt that this could have 
been the case, for we have no record of black terns biwding any¬ 
where nearly as for south as this, I also faile<l to find any signs of 
ncstfi. which lam sure T should have been able to locate had-they 
been present^ for I am thoroughly fanillinr with their nesting habits 
in the North. 

Ttitj ROYAL TERN r 

A few royal tern^ arc always to be found about the Tortugas 
during the spi'ing and summer months^ l>ut we have ho record of Uieir 
breeding here, A bundi of 14 fmiucntcd tlie northern hook of -hug- 
gerhead Key on fair ilays where they woiihl preen and dnre for hniiT?i 
at a time, uiitially during the warmer parts of tlie day* in wiikh qccn- 
pation tliey were frequently joined by an even larger number <*( 
Iciest icms- Plate ST. figure B, lihows the birds in this place in cltar- 
acteristic poses. 

TBR MAX-fr-W'An bird (J-’r^afa 

Until tho young noddy and sooty have slipped irom their shell, 
inuTi-o’'tt'ar birds are not especially ftbundiint about the 'rortiigas. It 
is Irufl, Fort Jefferson, some old stakes and pieces of wreckage on Bird 
Key. iitnl nn the outer reef, funiish ilcairable resting places for rlietn, 
and the ahujuliitiw of fish likewise an adequate food supply, so that 
there limy be a few* moiii birds hete at all times thaji one woidd sea 
along the rest of the keys,escepting, of course, their roosting pkoe, 
the little island near New Found Harbor Key and Key TiVi^t, whoso 
refuse furnishes a never failing food supply. 

However, when the young terns begin to appear on tho ground, tlie 
nian-o^*wftr lurcls increase in riumlicrs until four to five hundred will 
Ik> found ci'owtitng all the available wreckage on Bird Key {pi, UG). 
whero they nuginent their finny diet by occasionally swallowing a 
youiig tern, I have seen them pick up and fly away with an almost 
lliKlged bird. ’l\'e will, tlierefore, have to consider the mnH'O'Var 
bird Bii eiuimy of tlic terei. 

If jou ranie to dislike the oiaii-o’-WAr bird for his pilfering on 
Ihe tern rookeries, you soon lose your dislike when j'Oii see him nu 
wing, for there is no birii in existence that i^jiiaU him when it comes 
to Hoariiig, a feut foi* which every ainuan who secs him envies him. 

■iirt Jefferson, on Garden Key, is un Ideal place from which lo 
stiir y his [lOwers of wing. The high wall tliui circles the slmcturc 
eatclias the slightest brecjte tlint may ripple th* sea and causes the 
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air to \^ uptlinis;t nn tli^ wind won! aide, nnd upm this column of nir 
the TiiJin-o'-’¥iar hiixlfi will pois^? themselves wi|h such perfect btibnoe 
that they seem fixed to a certain spot in Ihe sky. A hiitidrcil or 
□ 101 ^ birds iit a Ume may be seen thus hanging niotionlees suspeiid<^ 
over the noiiJieast portion of the fort, low down , when tUe wind is 
sliglit. find high up when strongs nlw ays in the place wliick suits their 
pow'ci's of adinstment best^ 

Their jKjwer of vision is likewise mnrvclouss^ I recall being at 
work in a sliallow stretch of water when a fLsli broke above tho sur¬ 
face, evidentJj pursued by a larger member of tlie finny trilw.* A 
brown pelican at once gave chase and almosl reacliotl him. as the fish 
leaped fn>m the water the third tiuie in short intervalis, but u uniin>-- 
war hirti that had been Biiispoiided way up in the air high as lo 
appeal* ii mere speck, came down with a rush and snatched it alimjst 
from tlifc very liefik of the pelican^ I have many times s.meo enjoyed 
casting fish out into the w'ater of Key Ihirbor to watch tho 

speed with wddeh man^o^-war birds, soaring high up in liio air, wuU 
notice them and stoop to pick them up without touching a feather or 
missing a strike. Our plates 34, and 35 show a scries of pictures 
giving different poscsj responses to such bailing in Key llarbir, 
wdiilc plate 36 shows tlie man-o^-war birds on Bird ICe>\ 

At times a superior-winged man-o^-war bird will give chase to a 
less endowed individual that bnscnpttirrd a fish and worn- Idui until 
he disgorges it. The piirnning bird will quickly folbiw thy fnllirig 
fisii and snatch it before it lynches the w alen The gulls and boobies 
are siniilariy paraEitissed by the man-o’-wiir. 

Dr. (’harles IL Townsend, the director of tho Kew York Aqiiariimi, 
givcijs an interesting brief account on tho homing of ihe inan-o’-wnr 
bjed, from which the foilowiijg qiiotjition is taken J 

tn tlic cmim rtf a winter's voj-ilai? on the Fh R„ S* .Affenfrai* In ilip f^mth 
tiie writer fuimd atiiuiif; the aailvcai uf Lbc Low .4rdii|ieL[i^ aiaiiy tmac 
friante lUnls. Tlie lau^r wore ohwrro^J on horis^oiiiral pcfelies ns^ir Use 
auil wore siippoi^l to t>e Uie pets of the eliULlren who foil iliciiiu 

TIioy wort' e«rlirTei,v twixii', hfivuag Iwn roared In enptlvlt^ fmoi the nest. Aa 
oiir ttiiiaiLlTitnnee with tlje develoiM:‘i3, wc dtseiivorcil Hint the lilnds won^ 

ukimI by thrill after Uio tniilint^r of hoiclcgr *■ iilReons " to carry araena 

the inlands. 

Ttie minierQUS islands nf tlie Tjcw ArcliKpelneo rircfiii for niiire Itioa a tlirtu* 
mutS tolles in a northnml soillbeafll lUrectlDn, nnil It miijeiir»i tlmt tlie 
Idnijs reinni premidly when Hlserntc^t from quite 0] stunt IslaluK They nre 
di^rlbutei) by balnj^ put abonnl snmU vessels tmdlnf; nmonj; the h^iatuls. THe 
hlnht are liberate^] whenever there Is new\s to be carrier], retnrninit to their 
percl»ft<f soTnetlmes In an lionr or lens from hvhliuhs Just helew the horizon anti 
out of aiRht of I he home base Genenilly xh^y nee la no (w^t: hurry. As the 
food of llm frlETtae bird may lie alelced up alrmjsl anywhere at flOEii, then? is no 
ELJoaiis of a^eettuinln^ bow? mneh iSo>e tlie bird loses in fwiUcti or tnlnjX to 
fm! pfl routo. It may also ita^r to enjoy Its litiorty W'lth other frlsiate hlreis. 
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I did not otwuo-e tniiip frlBiitf? blnia olsinvlion' In rolyiiofiiji. hut Mr. Loula 
Brcke. wlio In fonilllnr with an^t «I the Soulh lalauilft sHyia tlicy were ti 3 «l 
«3 letrer cnrrlrm «tn tin* Shotnnii Inlnnilu when he wiut there In 1S82. cnrTytnK 
mc99ii^>n Isinudu OD to 80 nillea hM'rt. MHicn he UtwI on Viinojuaitu, 

one ct these Inlitnila, he excimnseil two tnttu; frfnito-blrLls mith !i under living 
on Kultnu, Do mllca tllKintit, Tor n tnnie fnilr retired on thjit Islntiil. 

The four hlnla pt ltU?tt>' frequently jiimneil fn>iu one leiand to the oihef 
on Uieir own ni-eouit. nil KoioK together on vlsdis to eocU otlior's houies, wlujre 
they were fed hy the but Ives ou their old perelnst -Mr. Iteohe's pulr ti»uully 
retumetl to hlui wltliln HI to 3(1 hours. Ho teHtwl the sixscd of Hie frlj.-ute 
hy PfUiltiiR' one of his MnT< by veen>| to Nuitao where It was llhernterl with n 
TnesHige nl hnlf jiftst J (n the nfteruouQ. Before U ci’cluck of ilie mine dity the 
bird n'lm buek on jeg own perch nt Niiiioiiinga, aecnnipniiicrl hy two of the 
Kuituo hlrdb, which tint being nt their perch ud Unit luloiul wlien It wpb 
liTternted, It hnil evliltnuiy plctoi) up en route. Kl^ty luHca In nii hour und u 
hrilf is ijrnhbhiy tmpy enough for the frlgirli- lilnl. nn In MuLoyo-lhilynejilu Jt In 
Ktilrl to tuive frequently retnrneil p illHttiiice of flO miles lu uiie hour. 

It JH'i'oitjM enilrely tuino ond fnmltlpr when rahted from the uest* lunl If 
Kiveo Utierty retnrnu regnlurlj' to Itu liutue (wrcli nt night. 

TttB BOtllHEM (.SUlil IrvtttfffltlriK) ntnl (Solri jiulo). 

Both the Itooby nnd the retl-footed liooby urc fonnd itt the Torlu- 
ffas, the first usiialiy jimloDiiiiuiit, Theydo not breoij here nt the 
present timo, linving prohably hern estemunnted bj" lha fi.’ihermen 
and eggere, who urti suiil to have been partieMlnrly fond of the flesti of 
the young birds. 1 have never swn them on any of the Islands dur¬ 
ing iny sis annual rfsits, but have always found them seated upon 
the top or crossbar of the channel stakes. Tlipy arc tlanally tjuite ally; 
80 niitLh so that it is xerj' dtflicttlt to approach (hem snfiirientlv iduao 
to s^im- II photograph. Tliis stiminer, however^ we found a booby 
willing to pose, and a number of nitlier sntisfatJtory piclurra were se¬ 
cured. some of which are assembled on plate SS. 

Atidubon, in volume 5 of his Omitholopipn] Biographies, gives a, 
^phie nocount of a tirceding tjojony of Imobies on the Tortuga.s. 
I''fotn his description otto is almost tempted to believe tlmt in *tlie 
early part of the past century both the white-bclHeJ and red-footed 
boobies resorteil to these islands for housekeeping, for hie description 
of Booby Islam], probaldy Xorlh Key, which lins since disappeare*!, 
would tit the requitviuents for a msstingsite of the booby, as it agrees 
well With the chanicter of the nest n?<(«iretiieni8 now used by this 
spfy'ies in Cay "t erdo, Baliamaa, the ncartst breeding colony. The de- 
Bfription of the breeiling birds on Noddy Key, probablv Bush Kev of 
our charts, would iiidicnte the rod-footed booby as fnr as habits are 
concettieil. The nearest place where this species is known to breed 
at present w Caymuu Brae, about 1*20 miles off south centiul Cuba. 

e Will now quote from Audubon's observations of the boobv 
eoiony at the Tortugus: 
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Aa tUifr Miirlun viifi nturlns: ttirJotiw of ll>e ToHugaSj one of tliebirds 

tbftl nw^ri' parllcuierly iittmoti.'il my uoilce vrm of this sfniiiPi, Thu bwrtr wo 
oRprouchud iun^t Ihe nwro nuiuorfiya did they bocomor and I fctt deUi^bted wUti 
tlio ]iup’te Ui 4 it ere umny days sliQuhl claims*’. I hIjouIiI Sulto uo opportunUy of HtUily- 
lus tliclr hiihit^ uScbt drew liur K4mLl».T ourtuLu over Iho fnue of natoro* 
Bonio of these b(nl# atSebtcHi on die top-yanl of our bark* anil I obacrve^l ever 
afiorwards thiit they loanJfested fi prortonF^iy to rooi^t at ab \^reat a holghE as 
iHrtcalble atKive the fiiirrouiitllnj: objects, mflklOi? oholce of tins topai of bushes, or 
oTon u[ir]s^]d fWdeB, aad dlspytlnp wlih piieb other the prlvlk’^o. The flret that 
wiLs allot atp wiis iipfiroaelietl with coaishlenihle ^ tt htiil abtditidd on ih& 

Tin>ii^ of H tree whloli bful lloiited rtuI been fnsleoed to the of r riiK^y 

uluillovv lit aotue dbttanee from sbore; rlie viiiler Was uhciut four foot tloei* abrj 
quite rciui^TK Kjiarts we well knew were nbuniliiTit an>utnl but (bo dofilrc to 
procure the bird w^is tCNi Btreui; to be overHuiie by sucli olvstadcs. In an Inatunt, 
tbo pilot nml mytUflf wore over tbe sides of the htpfit, nnd onmirtl we pn^N'eeile^l 
with our }nitiA eiH-ketl aud yeculy. The yii^vl wjls veeW nuiniu^p ami LtN urew 
ewultln^^ the reaulh After we Jiad stni^^ed tbrou^ the turbulent waters alM^ut 
a liunrlnHl yards, my coiupntilou rab^ Lis gniiji und flnMl; hut uw^ay Hew the 
bird with a tin>ken \q^, mail we kuw nu nmro of It that day. Neatt day^ hotrever^ 
at tliG »^iiLv ]iour» iJie BtHfhy was seen tkejfvhecl ott tlio i^uae prun^, where, after 
ru&ilui; atHi>ut tJiieo hours. It niiiiie otf to tlie ojjett sea, doiibtk^ Iti search of foo<i 
AlHPUt ol^ilit mi tes to I he iierth-e«tft of tbe Tortugaa LiE^hibotirte. lies A sciaill 
Banil-har a few aores tii extent, mlb^ Boiihy iHhiEid, on anraunt of tbe iiunib4=>r of 
hlnla uf ttibi i^hoelos that resort to k daring the bneviMi^ season, ntul to It we 
acconlihsiily wonU Wo found It empI tiKPre thnn a few foot nlwve the surfai'e ipf 
tho water, hut i.YPvered with IbKihlos, whl^’h lay busking In the sunshine, and 
pluming themseU%=* t>ur nltempt to land on the iBlanii tpefore the births Aheuld 
fly cpfft pi^ovihJ futile^ for before wo were within Sflfly yards of it, they had nil 
iHlukOD tbi'iiLselvis to fligbt, ahil wore dlHporsia^ tn vlirlous direcllunx. Wo 
InUiled, howoverT dl 9 tiilmU.Hil ourMflre^ In dllferc-nt pairb? and i?ent tho boat to 
f»nm* Ethaniioe+ the nSTnt assurinif m that Um blnb wauld relTirtL And It 
luiPiioinM]. As they opproaebed, we Lahl nuti^olvrU as flat as possible In tlie saod+ 
nhil afctlioui;b doiio of tbeiii Hllghli'^l, wp atbdnisl olif ublert, for In a e^mple of 
luHU^ we pnieurwl thirty IndSvkluals i>f ImpUe mxea anil of illfforpnt ascS, findling 
mdu plLlI1eu1t>' In hringlng them <b>WTi ns they flew over us nt a modenito beljfht. 
The wounded blnls limt fell on the ground laade Immedialely for Uie wnier, 
niEivin^ w ith more iiuso lUnn 1 hnd r]c|i»eeled from tlio acixpunts nsunlly given of 
the nw^Jtwiird motkioE of these birds on the land Those wliieli renebe^l the 
water Hw;itii olT with great biioj'finty, nnd with Budi mpbbty, tliat tt took luucli 
roiling to stjeure mum of tbeiij wldlp ziiiset of tJiosu thnt fell dlrerily Into the sea 
with only a wing liroken, The t«hLud wan cd vuml w Itb ilung, tbe oilonr 

of w'hleb eitt^ndeil to a cwhsldemblo dlitiinee leewnnL in tho evising af tbu 
sntnu day we buuled on another l^^laiid, named after the Noddy, utiEl thiekly 
eovcrml w Sih buisbea nail low' to w1dcb tbousani.bi of tJiat Bi>ocleis of 'rum 

resort for tbe tmriioiie ot briKhlin]^ Thufe nlw we found a great namirer of 
Bimbles. Tfiey were perehod oa Ua? top-bro nehe* of the trees, nti wldcb I hey lind 
nests, and licro sen In w^e ishtntnikl aft many as we deali^^iL Tliey Hk-w eh>?G over 
oar beads^ eyeing us w Uh ilhrEiaiy but In sLIencu; liiiked^ not utie of these blnhi 
ever emktril a ery, exi‘el>t at llu* imoiueut when they rese frem tbe Jr perches ar 
from tla‘ imniL Thelf note Is hnndi and gitltur^il, afimew'hnt like lliat of a 
Rtrauglixl pig. anti resembling tbe sylluldes, hnrk^ hark^ 

The tii-fit of the Ibicrtiy is pineed on ihi- b^p of a hunh at a height of from 
four to tun feet- It Is largD and fintn felmed of a few dry sdek«, covered imd 
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ruNtti^J wltli JSin-u-fM^LN Ln prvnttr QUOJitlty, I hnvi.' liU doiiLL Ihut ?bvy i^ttLfU 
to thti auuic^ iJMt tiinhy yenra in sncpeffilon^ ikiiU It m miiHkidoo rcviulrpi^^ 

In all tlii^ uotM4 whlrb [ einUnlne^lK only oue^ vrttA foiiEid. mid luf nii>#t of tbo 
b\nht faittloi;, anil ^^nic of tlii> vsgA bad ttue rea^lf for ex- 

dueJoEi^ It ifimbnblo that ihoso birdii mlup ots}y a ymio:; one like tbt^ 

ConiEuon or Snliiii Goose, The Is of a (lull white wlour, wKtbout 

£]xptft^ and ithoiii the slxe of that of n coujoion tien, but more eTongiateclp being 
2| Inrhes In len^nTt, with a iliamelpr of Ij. In some neata they were coxered 
wLlli lilEb from tlie jTiireut blnl. In ibe mniWier of the Floridn ConiiortiiiL Ttn^ 
young* wJdch liiid an uncouth aiipeitmnce,^ were coTered with down; the bill 
nntl fi»eE of a deep llxld blue or Indlim colour. On tH'fng touched, they emittei] 
no cry, hut ttiiiHNl away tbelr benibi ut every trtnl. A irreut quniitlty of fSsh 
lay beneiLtb tho treea In a Blate of putrc^fuctloii, pnsving liow ahuuduutly tbe 
young bird* wert? inipptied by their parenia. Indeed, while were on Nmldy 
InJand* I here wtia n constant auceesslon of birdo i^>inEn^ In from the aeo with 
fcMwl for tlidr yiuiiig* i^>nNlNtlog chiefly of llying-llnb and auiall mulleu^, w^blch 
they dlacorged In n balf ]iin>ceritteiJ atiite JuEo tbe o|j*!n tbreeiia of their olTsprinsTr 
Gnfcprtuimteiy the Linn? udroixled me on tltnl cotist wnn not sufllclent to eHulPlo 
mo to Iniee the r'ri>gr^?is of their prowth, I ohserred, boweroTp ttuit uoiie of 
Uio hlrtla wbleb weri? all 11 hrown hjid neats, nhd that they rootded upart, par- 
tleularly on llooby l^laiul. wbere itlso uuiny ho iron onc-n iisuully resorted to 
tie on the Kuiid uiid buo^E III the sun. 

The iligbt of the flooUy Is grareful and extremely protTacled. They puss 
swiftly at a height of from twebty yania to n foot or two from the sfurfaee, 
often foJlowInfi the trough^ of Urn waves to u <.%nfildorabh> dlstonee. their 
Wlhps extenrIetS m right angles in the body ; then, without any aprmreht etfort 
tnMn^ LhejiiwSves and nllowlng Ujo rolling watem to bredk boii£^tli them, 
when Ihuy tiiek about, and sweep along In a wmirary directlnn Lb £ecireh of 
food, much in the mojiner of thi> inje Petrels. Now, If you folhiw an IbLlirldual. 
you see that It suddenly stofift fthF<rt, [diiiipes headlong Into th& w-ater, pierces 
With Its proi^rful Iwnt and secijn*?t a (Ssh, emerges agnlh w Ith Inconcelvahlo 
ejm% Jifter II i^iliLirt Interi-aL rises on wing, ia-rfonD.i n few whic dreUniPi, und 
rikubt^ uH toward some shore. At tlds time Its lliglit Is tielng pt'r^ 

fortoL^d by dnpidnj^ for t\renty or thirty pace$, with alternate saLlJng^ of Jiinre 
tlmu double tlmi ptmce, Wtien ovrrlimded with fond, they ull^it on Lbe wLiters 
wheR^ If iiodiMiurhfMl they to nmuilu for hours at n time, protnibly 

until fllgestloii bos ntTordt-d th^m nA'n^f, 

Tbe range to which this speelcs euiiftnes Itself a Jong our conwt* mltlmu ei- 
tt^ruLs beyond (Vpe HiTtlems to tlie eafJiwiinl, but ihey tKwme iimre imd more 
tiqiuerous the farther mnth w^e iiriicee^i They breiHl nhundautly on all such 
Islauda or keys ns are adapted for the imiiKHw* ou the anthem nnd 

of the Florldns anti In tlie Gulf of Mi?xli.'o, wliere I told they bree^l 
on the sand bars. Tliolr power of wIngseimisiitiincEent to enable them to bmve 
tlie tempest, wlille during n rontlnimnce of fair weather they venturo to a great 
distance seaward, nnd t have seen them fully 200 niltf?s from the laml 

Tlie exfiunxibEllty of the gullet of tlib^ sjH^rJea enabled it fo swallow Anhes of 
roEiiddcruble sbEe, ibod on such owsutEons tbelr mouth oeeuia to spread to jin un¬ 
usual wlijth- In tJie throabt of sevwal Indlvldnala that ivere shot m they were 
reinrning to their ne^ta, 1 fecund miitiets ineurittriog seven or eight laches, that 
mmit bai,*. weliched fully hnEf n pound. Their body bcat-aUi the Jikin, U wvered 
with iiuiiHTouM nireells. wbldi pndbably a^qflM tbeni Lu ralfdajf or lowering 
Uictuwlve* while on wing, nm] pcriiEipin ^lll more so when m Uie point of per- 
fomdng the mpld ptuag^^ by wlitcli they i<ecure Gn-lr prey. 
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Tlielr prlnciptil <*iiT'!iiles durlaj^ the 41 rv thn Aiui'rkiii* i'mw 

£tiid tho Flab Craw, both at wliJiCli ilaatray tbirfr uml t\w Turlif'y Uusuiatil 
wliteb dcvcmra Xhvlf while jvt npjlnljpNl. bnKMj ilurtnif Uie matitb 

pf bp( I 1 mv4l^ not Iwen 4jl>le to oaeerttiln If tlioy rjiSse nmn* thiiii one brood 
Jn tlio fctWLJ^ii, The adnit hJnla cluise tbafW' whkii is re yvt Ininifituro dur- 

\iig tH^rlod of tnrubhtlop. It would aL'essi tbnt Xhey tahe aoTenit y^*tiTS in 
etmlnSni: ibeir iwrfect alnte, 

\nicii drorurt'd allve^ they feed freel^^ and mnj be kept any leniitli of liineT 
provkieil lhay nn? anpplMl with R-^ii, Ka other fCMidi however^ cciuH 1 tesndt 
them to iovidloWp exeeptlnij splices of turtle^ w'hlch after atl they dfd nat seem to 
ndiah. In no liprtiitiey did I ahsf'rve one drlnklni^, Kosise nuthora [uiva 
ttiiit the Frltnlto Felkvm ntu) the LeatrlM foree the Bipoliy to dlai^orpie li;i fo^i^l 
that they aeiy ohtjiiR it; hist thds I have u-^wr wltoeiHeiL Llk« thi^ CiKtiodLai 
Giinnet, they iimy In? sG^'iind by fELStenlii;^ n tlvh to u Mpft [ihitifc, 11 nd hlnklii^' It 11 
few feet the ^urfaee pf tUo water, fur If they [lereelie the hiillT wlileh 

they are likely to do If they aver they piiinm? iLL^idioti^ ispou Li^ upil 
drive I heir LLll Into the woo<L 

Wheti a liocjhy hua uLij^litesl on tiiL*^ spar of n vosseL, it ht no easy matter ta 
eatch It, nnteF^^ it umch fatlettotl^ bat it eKhnPatk?fl and aRU>ep, an eicpert 
aeansaii may iMToaNtoDalEy seeure one. X was Lnfomsetl that afUT the hrei?dlu^ 
eetLsoa tbew birds roost on trees in eooipany with the Brown l^ollean nud u 
des of Tern, trofkJgr spend their hoiina of daily re^ on the socid- 

bunkR Chir ptlatt who, os 1 have menttciiiDfl in my seeoiid votnnie, was a that^ 
of cdiBt'rvatUoa^ Hs.stired me liau wLdu at Vem Cruji, he kiw the ftHhermen 

there to sen, ami return from eoindih'ratile tlistonees^ filmply by fodaT.>iit|f the 

eaurse of the Ikaoblosu 

The hliis ami lega of those which I proctiml In the brawn jilpimi^e. ntid 
which wert fn-km nnc to Two yenns of o(a>h wore iluokj blae. These were under- 
(^InE niault 011 tiic 14 th of May. At n more ud^noLVd a^e, the parts 
bocunio pnier, and when the bird has orriTed ot matarltj, are na rt>;snKwiitisl In 
my plare. I olwwrred no external dlCfereiico betwtjen the texos In tlm adult 
birds. The stotnneh Is a lotsp «lllatable pnnetk, thlm aud of u yellow colour. 
Tile bedy Is muscular, and the flesh* which la of a dark eolour, toush, and Iloy- 
liL^^ u dlsQ^^ecahlo amelli Is Bcarcely flt for fumL 

I am TiiPiliJe ta flud a gmd riMi!«>ii for tlKwe who bare ehOHen to call ihe.^se 
bints bootfejt* Author^ It Iz true, m-nenulty repreaeni thna ns cxtrotaely 
trvpfd; but to me the word Is iitb-^rly Inappilenhle to nny bini wlUi which I a in 
acfiafllnti^L Tlie Woodcock, im, Ik koIiJ to be stupid as are mony other blnla; 
but my opinion* foumlefi on pri'tty extenfjJve obsen'atlon^ is* tlmt It Ih only when 
birds of any Epedes are imiicqnaluteii with nuot. tiuit they inanlft^ ihm kind 

IfiFwaroMce or ^waom'MCt^ which be cidhi ami by which they fnifTer 

thcixmelvea ta be Impose^l upoa. A little aaiualntanee wItJt Idin wmp enables 
tliem to ijcrcelve enough of his elm meter to Induce them ta kwp nioof. This 
1 flbtserved tn the IVjohy Ciannet, aa ^veVL ns Jti the Noddy Tern, ami la certain 
^ficelcs of luiid birds of widely 1 bove atreuijy spokca. After my llrsi lisfit to 
IhHihy Ijtinml hi ttie Timnmts. ttio Gannetfl bail already bf^^rome very shy el in] 
w^4iry, and before the Jdarlcm salliKl nw'ay from thoKe is*aci-fol retreats uf thp 
wamlerlnit si-a’blrila, the BoobU^jt had became itn kuow^lni?^ that Uie most ex¬ 
pert of pur party could pot l?et within shot of tbeim 

Tlie Tortugns are ibscd ite n Etepplng-j^toiip by many of the 
Itiigmtory birtla that winter m the West Indies and even farther 
south. In tlic noHhtvanl journey in spring and the southw ard tHgbt 
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in aiiituiiift, ihtm hirtU ri^^t hero fot a vun'ing kngtli tinio lioforc 
continuing theii' trnvels. Those jnigTator3'' Innd liirilrf show 

tlio effect of tlicir sUy on theso key^, for most of them kwik entirely 
different from the trim little creatures wliich we are acciujtonied to 
see on the iiiamlancL The little wrbkrs and eTen tlie bobolinks 
are all fluffed up and raggiKl and their appearance and motion siig- 
gn^st “ the dim gray dawn of the morniitg after/’ tlie after effect of a 
night ont.^ They are lacking in shyness and apiienr quite us 
less about their safety as they do about theLr apixsai^tice. 

The eiigemcEK witJi Avhidi they take to a pan of fresli water or the 
dripping of u leaky storago tank leads mo to believe that it b? the 
want of frt'iih water that is responsiblo for this change of habit. 
TIu^ only regular supply of fresh water that these birds can obtain 
oil any of the keys are the di^opleU of dew^ in (Jie early morning 
hours and that furiiislied by an occftsional shower. This, then^ 
jiiefliis II full ilrink luid bath in the early morning and a long thirst 
111 rough the rviyt of the hot day. Tlie bathing is rather un interest¬ 
ing function under these eircumstani^ A bird will rest on ii clump 
of sparkling leullets, beating his wings against tliatu and thereby ac- 
comulating sufficient moisture in the cour^ie of time to become tlior- 
ougldy washed. The vireos and flycatchers plunge against the rnokit 
foliage, while the swallows merely graze it as they pasg by. 

No stiiall land hifd^ bre^ upon the Tortugas* and it has been held 
that the lack of fresh water b respon^ble for thisL ITiia ejcplana- 
tion alone does not appeal to mcj fur I know of no esixised fresli 
water upon any of the keys between Miami and the Tortuga^i. and 
yet most of tlumi support Severn I or more specieii of breediiig land 
Linls. It acinus more likely tliut the duiractcr of the vegetation and 
its associated insect fauna is more to their liking on some of ilic other 
keya^ for the predominant floral element in the Tortngas is bay cedar, 
n plant that fomis a scarcely notable feature in the key flora farther 
north, 

Ikdie\dng that a list of all the lards so far reported from the Tor- 
tugns will not ho without interest to tlio rendor^ I will close this 
iirtii-b with it. 

In preparing this list I have consulted the rogisters in the dixisiou 
of Ijirds of the United States National Museum to Jsee what jjpoei- 
tncios the nut ion nl cxillection contains from the Tortuga^i, Here I 
found quite a largo series of early records made between 1&5T and 
tsnt, wliidi appear in the following li^t in the columns heailcd bj'^ 
tliese numbers, 

Tlic 1S57 column represents bink collected b\' G, ^\Ttrdciuann 
while connected with the Coast and Geodetic Survey. 

Tie- cnlnmu represents specIineTia collecteil by CapL D* P, 
l\’ootlbur\\ 
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The 1850-00 columtt shoves spccimcLUi colk^ted by Dr. J, B. Holtlerj 
irhile the ISCO ond 1864 colunins refer to additional lots of birdfl 
donated by Cspt. D. P, Woodbury» 

In the 1850 column the * followed by b 1 refers to a specimen 
donated by dos. C, Clapp, while the one in the 1866 oDlumn marked 
* ^ denotes a speeijnen doniited by Cleo. Pliillips. 

The reinoining columns refer to publishetl records from the Tor- 
ttigas. Tliese arc: 

The sixth column included tlw birds observed during parts of 
March and Aprilj 1S0O, by W. E. D. Scotty as reported hi the “ Auk,^ 
voL Vll, no, 4, pp. 361-^14^ 1890, The records of 1013, 1914, 1015, 
1916, and 1017 were made by the author, and wore published as fol¬ 
lows : 

1913, Yearbook 5fo. 1:2, Carnegie Institution of Wiialiingtoiij pp. 
I7S-1T5^ Birds observed on the Florida Keys on April 25 to May 9, 
1913 .^' 

1014. Yearbook No. 13, Carnegie Institution of Washington, pp. 
192-195, ^ Birds oliscrved on the Florida keys from April 20 to April 
:^0, 1015/’ 

1015. Yearlw>ok No, 14, Carnegie Institution of Wafibingtoii, pp. 
107-199, ^ Birds observed on ihta Florida Keys and along the railroad 
of the mainland from Key Largo to Miami, June 17 to July 1, 1015/’ 

1916- Yearbook No. 15 , Carnegie Institution of Wasldngton, pp, 
1R2-1SS, Birds obsen-ed in lOlR in the region of Miami and the 
Florida Keys from Miy 15 to June 4, and along the railroad frum 
Key IVcst to Miami on June 24.’’ 

1910, Yearboiik No, 15, Carnegie Institution of Washington, pp. 
lTO-173, “Fifth annual list of birds observed on tlie Floriibi Keys 

An asterisk indicates that the bird wii.<T ob^nxd in that year. 

Tha gull-billeil tern is reported under the name Sierrui | jy 

Nuttajl in bis Manual of Ornithology of the United States and 
{'auada. Water Birrls page 270, 1834. from the Tortugas. 
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CHAftT Showing SouTHEfifi Peninsula of Florida ako Florida KeySi Tobtlioas at Extreme LefTi 

















Smlth»onl4ft Rfliwrt, 
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Biflo Key. 












SmlthioniBn Rtport. 193 7 -—ftartiicJip 


Plats 3. 



CHARACT^HiaTFC TERK AcTIVITIEB ON B3HI> KEY. 

A, hKtlJIXKKtlHniat} B, Kn^lh’irer.t rHHU CTjfil4ir pf 








SmHIiiorilfln Rnjwrt* tSt?.—Dartieh. 


Plats 4. 



looking Nqrthwcst fbom Cemter of Bird Key, B. 

eO^TERMS REStlNQ UPON TOPS OF BaY CEOABS. A BaTKEB UNCOMMON 
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Plate &. 



OPEN Grounds Northwest of the House oh Bird Key, Show r ho Close 
D isrnmiiTtON of SooTiES ahq Their Youho. 













Sill lthJi*nlftn Risjwsrt, 1917.-^Baf4K4i, 


PLAte 0. 



B(H0 KeV l-W^Q NqBIHWARO FROM TOE HOUSE, ShOWIRO GeMCw 
DjsnwiTioH OF Sooty Te«k3 m Open fleACHe& 
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SOOTY TCF«N8 on THE Qn£Efi)NQ GrOUNO. 
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Five eooa of the Sooty tefn, SHcriviNa r^noe of Vmiation ih Markinqs. 

NtiEumliLH, 
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PLATE 9. 



Three yotino SOOTY Tern 9 SNOwitia developmental STAOEa, 
A, libijtli 1 nbl; Ji, fnare tl^ii J jiwJUrtlj M: dlKtUt oM. 









Younq Sooty TERPiS, 

A. ItlnlcJdi^riL^ lolry LlJwit^gL D. |Ek>l jcHt prt^if Lri lo 


3 rnrttii&nltPi Rwrti 1917.—BiftK-Ti. 


Plate ro . 
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Ai Group of Adult Sooty and Noddy Terns Sunnimq Themselves dn the 
VOUHO OF Both the sooty and noddy tern Enjoyjhq 
A SUH bath on the GLARiHO, HOT, WHITE SAND. 











fippcrt, 19^17.^Sart«:h* 


PLATE 12. 



iHSTAFfTANEOUd PlCTunES ShOWINQ POSta ASSUMED EV SOOTY TEflNS DN 

WiPtO, 











Smltn^anian Report^ 191 f.—Parlith. 



McHJor terms dm Biro Key, Shdwikq How Closely the Bay Ceoar$ Are Crowded with Their Nestb. 















1 9^1 a4rU[;h. 



Gboup op NoDoy Teaks ik Oke of the Tall Bay Cedars. 




















tin Ithian Ij n 3^17.—Bflrtic.li, 


Plate |B. 



Near Vjew (Jf Two Noddies oh Their NEais* 








^tpowi, 1917.—SuTtich. 


PLATE Ifl. 



AjiouT Their Nests, ShOwij^d Chahactehi&tic ATTiTU&ELS. 
THE TQUHa Bird in the JVIiddle Pictuhe js Auhost ready to Flv. 















S^rnl R<q-pgr|, 1^17.—RdrllCfl. 


Plate I7. 



Enas Of THE NDDQV TERW SHOWiNQ RaI^OE OF VAI^IATiOH iN MA.RKINOS. 

^i4an] aJi«. 
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PLATE 18. 
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A. Vquho Noddy, Pi^obadly A Week Olds B, Bibd APFmixiiytATELY 18 Days 

Old. 

d*l«l4|iqKDt IlmL \>nm lakCD pbfn tn UlBi lUjErtCH. 














5mlth*ptiNn Report, 


Plate I a. 



A, Ndpi>y about 22 Davb Old: B. Nopoy Aeour Days Ouj. 

Nolfl pnifKaa. maiJv la g^nitih nod 
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PLATE £0, 
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A, No^DY Tern About 40 Days oldj B. Acult Biro, 

No4a dincrmn] Ipciwtffen CViftpd Itifd. aJhl fmmi al Iba tims Lhd IksIh l6 flj. 











Em IthiDRlAn Report 15(7.— &irtKh, 


Plate 21 



Groui^of Noddy Terms FiSHfHas Following a School of Juhfino Minnows, 












SjHithMnIftn Flecrtrt. 191 f.—Sartich. 



Nest aho Ec^js, South End of LoaoERHCAo Key, ISJ&i 


PUVTE 22* 










SifilthianiBft ft(j|xiirt+ 


PUkTE 23 . 



Thfn^e You HO L£AST TtRHS FROM COLOHT DN SOUTH Ehip OF LOhQ KeY^ 
ShDWPNO DEVELO^MEHtAL &TAOES AKP P«OTE<n'|VE COLORATEDH+ 












SmltJiifDniftn R4Ef^ri, 1917.— 


Pu^TE 24. 


Tvyo Views OF Youf^Q Least TEFtP<a (u^ustratiho Photectjve 
COLQfrATION. 

Mt Elw inoLuJi Jiutf. wUS ijive cud ilici rat €>1 LIm bDdT+ 
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Plate 25. 



Ydunq Lea^t Terns. 

A, Alib to a>' A rhofi I), with «.-LL]j]*h 1 odr hy 














Smlthiflnljin Report, 19P7.—&irtK:h+ 


Kati sa. 



Ghmt Cb« lOcypfloE [CANS One of the Desthuctive AaeNCJEs on 

THE TEftH |fOOKEItlE& 




SmCtMonlan Repflfl^ I&l 7.—&n pLATE ST* 



BFtEEDlN{3 GROUPS OF THE COMMON TfiflN ON NORTH En& OF LONQ KEYJ FlVIHO BfcRDS ALSO WlEHflEflS OF THIS COtONY. 
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Ychjng Cdmwok Teru^ a. About a oays old; B, About 10 Days Old. 













A, Two Yduho Comhaon Terns Hioino Under a Dead Coral Block. 
The Same Biros with the Block removed. 
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PLATE ea* 


an pntkil iL> ^ amJ ll£ iiiy« ujil, Kspix'lli I'Ef. 
















Youtia coMmoH TEHh$, A, About £ oua; B, About 3 Weeks Old, 


SftfliUtiomlin Report, 1^17.— fisrtiE^h. 


Plate 30* 


















SmlthWnJafl 1937.—iirtach. 


PLATie 31- 



yqUMQ CdHPMOri T£FrHS. A, ABOUT 2S Dat^Old^ B, Alwimt ready to Fly» 
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PUVTE 32. 



A, VouNa CommOh Tcrns Swimming ofp Shdfie. B. Young Bird Swimming 
Away From Shore. 
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PUkTE 33. 



MAN*0"-WAft BIF1D3 HUHTiHQ IH KE¥ WEST Huia^JR. 
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Plate 34. 



iHSTTANTANEOua PHOTOOHAPHa ShOWINQ CHARACTERISTIC POSE 3 OF THE 
Mah-o-war Bird on Vwino. Key We^ Harbor. 









fiepflft, 1917.— 


PLATE 



MAH-Q--WAR BtBM F^SHINO IN KEY WEST HAHaOR, 
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Plate $■&* 



StwflE Ljue W Bino Kev, Showinq Cheat Number of Mamhj -war Bfros 
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SmItMflrtjftn ftapert 195T.—Haj1:fch, 


Plate Sfl . 



Bwava PwjTOQflAPHEo Off Bird key. tortudas. 
















CATALEPSY IN PHASMIDAE,* 


by l\ 


In die Epi-ing oi IDlii the author obtained eggs of Carm^vg {Dirip- 
P-m) m^yroHws Hr. v. \V, irUith was imported fTcun abroad ami bred 
bv amnteiirs in Petrogmd nurseries. After hatcliing, he fed tUo 
^■owing inaterifll mtiinly on piii-slDy, During die rearing he Ims niiide 
Soma observations and esi>criirients ’n'liieli Itni him to oonchidB tlint 
diese insects are subject to catalepsy. 

Never very active^ the young of Carauaiffg are the most niobilo. 
Hhj adults, oil the other hand, spend nine-tcntlis of tlieir lives in a 
state of perfect stillne&i, aa if truusfisetl. Wlien at rest dm four hind 
legs iirfl esteiided, while the front legs are extemlcil forward where 
diiiir tarsi meet the ends of thu unteniifp, nhieU are also extended 
forward. Tho abdomen is also jierfoctly straight, the end alono 
being occasionally raised upward, This is tlie poso the adult im^ect 
niaintaius for hours, frcfjiiciitly a whole <lay without stirring leg or 
anteiinii. Only after long intervals of sudi noiftscence, paiiiculurly 
at night, do some of them stir in search of food. 

Tlie transition from the stnto of njst. into activity is accompanied 
bv very rapid lateral sw'^mging on its legs. Its active existence is 
always* preceded by such vibraiioin Tliia swinging frequently pre¬ 
cedes also the transition into the rratiiig state. Tlio awingUig, he be¬ 
lieves, is for the purjiuse of starting circulation in its Umbs whidi 
**go to sleep” during tins extended quiescence. 

A I'ery few experimeats sufficed to convince the aiitlior that the 
state of itsst in Curavitiuji is a slate of catalepsy. Following are Bomo 
of the observarions the author records. 

Bv qnrefiiUv placing a forceps under the head of a resting sped- 
men and raising it so that the portion composed of the bead, pro 
and mesothonix forms an angle of 40“ to 45“ with tlie metatliorax 
and then removing the forceps th& insect remains in this position for 
hours. By aid of the forceps the folded front legs nmiy Im pried apart 
and placed at any angle to the body. C&rmtiuis retains this Atontig- 
lite poso of prayer for hoiira. A specimen resting on the aide of tho 
jar may Im tlung to the bottom without provoking a change of the 
posture of rest. However, on falling, it often assumes another poae; 

'Abitnel frowi HtT. € Elite* V-qIh iX Nn, 1, j\p. 
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it extends the jinterjor foixdegs slrnijudit forwanl und the hind legs 
barkwfeird* nil clinging doso to the ])od}\ except tlie llbiju of tlie Isst^ 
which are set ut a sliglit luigle. This pc^iiiim represents a stjiiis of 
most perfect cntalepsy smd at ihe same tiim* of perfect mimicry, bo* 
enuso the insects rdnin it longest and in it ro«cmbk inanimate 
objectSt liW fiiirte. 

Tile insect llins lying still cim be rsiL^d ojito its kgs ’without dis¬ 
turbing the ciitakptic state. To do tbJs one iieetl but carefully bend 
its legs by metins of forceps and they will retain tlie position given 
ibotn* then it iinist be turned over and placed on its kg^. During 
tills ojierAtioTi some n^floN stirring is obscrrwl occasionjdly, but it 
afterwords rein runs rigifl in the given ]>«se- 

hlanilitig on its kgs the iteijjet niny lie given any desired ixidO^ not 
except iiig niOHt tin natural and dilScitlt ones. It may thus be iimdo to 
stand on tlireo legs, by raising one of the middle ones. Tt may be 
made to stand on the four frant legs mid hold tlie hind ones raised* 
Ho sometimes sncceetletl in making it stand on tlm^ legs on one $ido, 
the end of the alKlomen sarviag as support for tha other side. The 
antenna, too. may bo extended fcsrwin-ih jint back or placed at right 
angles to the bod 3 ^—the}' will retain the posillon given them. 
Finallyj the nbdoiiwii may^ for iiL^taiicc^ have its end Ix^nt upward 
almost to the vei'tical, a pr^Hion never assumed by the adult Insects 

Under a highly cataleptic FFtate the ifL^cts can be stoml on their 
heads, feiipporte^l by the Br^t two pairs of Jeg^. or even the Erst alooe. 
and the antenruij [Hiintitig the other ’whx'. One insect remained in 
this position for 41 honm 

Tliesc sample expi^riiiienLs show that the phasiijicTs HuIq of rx-??t 
is different from the usual stale of rest of auimaK ft diffbm null- 
rally from its stale of uctivhj^ which should be lUe ’normal but which 
in fact is mom ram and of shorter duration- The reFftiiig insert 
piL^cs into the active =tak after slmng provocation as, for in- 
fitanc«^ when the e-nd of its abdomen is pindied with the forceps 
nr struck with it, ate. Soinctinu?^ the itu^pcl wakes iil^ when an 
antenna or kg is pinched or It k simply bmiitbcd on, when it jump?* 
up* takes several swings anil mtis, Hut sometimes it slir^, make# 
reflex motions, iuu3 returns to qiiiesmence. 

hcTi awnke fViww^fii^r reacts lo nil slrong sliuiiili ’ivith energetic 
limning. ThrO’wn on ife hack, k immediatelj^ turns over and jumps 
to its long Seg^. Catight by the tail it atrain^ with all six Tegs to ex¬ 
tricate itfielf and run forward ? caught hy the anternise k pnlh bark- 
’ward. Ajiy of its appendages raised am forthwith lowereJd and run¬ 
ning away induced. Tlius no trace is kft of the plasttdtj of the 
np]>eiidtig9M oh^rved in the nssling in^cL It reacts like a normal 
iiviag animal. 
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But Tvliile these, superfieml abservjitiom s}iow e strong simikrity 
between the quiescent ^ate of Carau^i^i^ with the symptoms of 
caMlep»^ in man and higher vertebratosT greater study of details 
proves complete identity between the two categories of phenomena. 

Closer ejEiiminatScm aHow$ first that the muscles of the resting 
insect are shortened and taut; femora and tibioc, for instance^ am at 
a certain angle to each other^ to change which force must be 
applied, when again a definite angle is formed which is retained for 
a long time, Tlii$. changing of angles, howpven must not esoecd the 
limits of the elasticity of muscles and ligaments. But the muselrs 
are not as set as they are in tetanus. Tlie muscles are pliisttc and 
yield ing- 

Theso properties of the muscles exactly characterize the caitaloptic 
state of man and vertebrates (hiLre, hen, and frog). The eminent 
Frcncli physiologij=t^ Ch^ Kidiet, thus describes the cataleptic state of 
the muscle: ^ A muscle in cataleps^y is slightly elasticj so that little 
^itrain takes it out of the nrigiiial position; at the same time it is not 
quite clastic entmgli so that, taken out of the original position, it 
does not return to jt and retains the nciv pc^tion indefinitely* Just 
as a piece of wax or hutfer retains impressions mnde in it, so the 
cataleptic muscle is changed hy the mechanical influences to which it 
is subjocted.^^ A coutractwl muscle differs from the cataleptic in 
that the latter ^ is ineomplete contraction. A tetanic mtuicle is very 
similar to u cataleptic. In both, voJiintaTT shortening of tho muscle 
is impossible, and of own ac^^rd the muscle does not wenken; the 
differenco is only that in catalepsy the sliorteuing of the muscle is 
moderate and ran be overcome by slight meclianical force, while in 
tetanus no forco ain overcome it.” Thus the difference between con¬ 
traction and catalepsy is quantitalive nnly^ caio/epify is mc<mplct{^ 
cenfmeiioiL 

As a further characterization of catalepsy Eicbet gives ^ub’ience 
of fatigue; the contraction of the muscles, however taut ami pro- 
tractcfU produces no ^iisations of fatigue,, so that a muscle contracted 
remains so for many hours, and months even^ producing no e?c- 
hau^ition or ftUigue in the subjecL^^ This is true of the phamnid.^^ 
It can not be said they do not /ref tirwh but this is establisbed hv 
the fact tliiit they retain most difiicult poses during long stretches of 
lime* They al^ are as active at the end of a cataleptic fit ns l>eforo 
itn Catalepsy Is abt> rharaclerize<I by the absence of feeling—“au- 
acathesift ■■—the subject may be pricked^ cut, scorched without react¬ 
ing, Experiment proves this also true of cataleptic phnsmids. 

The author snipped one-quarter of the antenna of a resting phas- 
uiidp Sometimes there is flight shiver^ due to sliockj probablvT but 
otherwise the insect remains motinnless without even changing posse. 
Several minutes kter another one fourth antenna was cut; readt 
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the smne. Little by little he cut eff the antenna! and began to cut 
off pieces of the forelegs; the biBcct is bleeding, but remains unmoTcd. 
lie even cut off bita of the abdomen and litil] it remained unmoved. 
But let it be pinched on the cut end of the abdomen, i. e., given pro¬ 
tracted flscitemeat of the nervous system, it wakes from the trance 
and runs away. 

Xo doubt, therefore, this is catalepsy. An cxpcrinient similar to 
hypnotism, may be performed with the insect by placmg tho ends 
of the extended logs and antenme on one book, end of abdomen on. 
another. Strips of paiwr may now be placed on tho middle and 
the iMdy thus weighted down, but the insect does not stir. 

To a^rtain the parts of the body with which catalepsy in CtPWt- 
iiut is associated, what produces it and what is its biological sig* 
nifi rnnea and genesis, the autlior took a restLig specimen and 
snipped it in two in front of the mesotlvoracic legs. The body ne- 
muine^^ standing on tho four logs os if nothing had happened and the 
front part fell, also without changing pose. Several minutes later, 
however, the legs weakened apparently, and no longer suppurted 
tho weight of the body, which sank to the surfaca of tho tabic, but 
the legs retained tbcir foinner position. But when tho leg musejea 
were examined it was found their waxen ficxibility had vanished. 
Tho body became very sensitive, redes action is manifest. TMien a 
leg is toudicd it contract.? and often the other legs also. Other 
tests showevi ihat no tnica of cataliyuy icas Uft this part af thi 
hocly. Some muscles, on tiio otiicr hand, showed signs of a tetanus 
state, the scisted legs breaking at the joints- Ho notes, by the way, 
[he great vitality of this half of the insect; iigatunHl and protcctwi 
from c-xcesaii'c dedeeation it lived in one instance lii days. 

Tho head end has less vitality, lives only two or three days, but 
otherwise Ijehaves as if it were attached to the body, the brittleness 
of the kgs in the eo-xal joint being the only difference. Catalopsy is 
still there, if not bo pronounced as normally. For hours the legs 
and antennw remain extended cepholad, and can be placed in any do- 
aired potdtion. By excitation it can bo brought Into activity. 

Tho diffprenco in behavior between the two halves of tho body 
is explained by the fact that catalepsy drptsnds ou the head 
(the prothoracic, he found, does not count) and is induced hy some 
spccifll internal conditions surrounding muscles and nerves (like 
special composition of blood, excess of oirbonic acid in it, etc.) and 
in all probability is a speciist form of nerca ^citation. This specific 
excitation is producert by unknown processes in the central orgsn 
fif the ncrvouii sysleai, and. permeating the entire nervous ^steU], 
prnduoErt depression of reflex action, of senssation and a special state 
of mu-scla sboiiening bordering on contraction. The results of these 
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phenomena taken together, represent wbat we call catalepsy. 
the severance of the connection between the nervous ^stam and the 
head ganglia the poesihility of this phenomena vanhihos. 

Ah to the causes producing this specihe excitation of the nervotis 
system the author can not say. All hia attempts at producing it in 
active insects failed. They entered it more readily when left alon^ 
showing the causes are interns! and Iho author therefore calls it 
“ autocatalepsy 

The author believes that the "death feigning” phenomenon is 
intimately associated with catalepsy and hopes soon to compare that 
of Ramotra with Caf’susiv*, He thinks it will be found that the im¬ 
mobility of caterpillars niimicking twigs and of Month in awaiting 
prey are similar phenomena. Finally, even hibernation may bo 
related to iL 

From the biological standpoint, tho cataleptic quiescence of phas- 
mids is only a specific adaptation of the muscular and nervous sys¬ 
tems for the purpose of miniickiiig still portions of plants. 

Compared with usual animal immobility, catalepsy Is at an ad¬ 
vantage: First, economy of energy, no fatigue developing; second, 
fiuppiessloti of reflex action which might expose the iosecL 

This adaptation is most interesting and remarknhle. It ia not 
morphological, hut physiological, and consists, moreover, in tlic de¬ 
velopment of a specific action of the nervous system which up to noer 
was obseri’ed only in man-produced, artificial conditions—^hypnotism 
of man and catalepsy of animals. Catalepsy in phasmids, tho author 
believes, iB the ^rti'insfance of normal, rcffvlar^ intenuRly produced 
caieiUpsy in the animat l-iitydom. 



AX ECONOMIC CONSTDERATIOX OF ORTnOPTERA DI- 
RECTT.Y AIO-’EtTIXCi MAN> 


By A+ Calimxz^ 
of ln* *BCtAf 47. JuTujioum.. 


Orthoplci^a iliPMtlj concerning niiin; either Ijcncficinlly or in¬ 
juriously^ affect him either pliyslcaUy or psychically, that 13 iiis 
phyaicul perasn, externally or Ititernallj, or his spirUnol or emo- 
tjoiml niitiire. Ortboptera nwiy, to the ’uninitiated, appear scarcely 
worth mentioning as directly affecting nitin injuriously but lUcra- 
turo contains a number of incidenta of siiOicient Interest-to merit 
brief reference. Forms injuriously affecting man's person exter¬ 
nally is a subject dealing mostly with injuries inflicted by biting. In 
dealing wiUi this and allied subjects it is not easy lo separate popular 
superstitions from actualities and when the evidence rests upou the 
observations of lay men it is often more or lets faulty. Actual inci¬ 
dents are evidently sometimes evaggernted hy recognized oWrvei^ 
and more popular and less ^mpulous ’writers often go still further. 
Tnexpuriencf^ or ignorant people misconstrue facts iind thus our 
literature toenia with questionable statementa, Tliis was cspeeinlly 
true in timea far past but continues true, unfortunately, to a consider¬ 
able extent even yet. 

A superstition long prevailed in ^^ar}’land that If n black l>BetJe^ 
tb^t Is a cockroach, enters your room^ or flies against you^ severe 
illness or perhaps even deathj follows.* As a itjcent example of 
evident errer in observation I may mention a letter from a physician 
in New iresieo rel&riug how n boy was bitten on the toe by n Sten&- 
pi’lmiituM and, though tho toe was immediatd)^ incised by a doctor, 
severe results followed, the boy being in a critical condition for 
some days and nearly losing his life* While it b very doubtful if 
the Insect was the real catisi^ of the hoy^s ailment, it is undoubtedly 
true that at lea^U quite severe niechattical injury and pain may be- 
caused by the bite of orthopterous iriseetJ. 1 have myself been bitten 
in the palm of the hand by a native Orehjilinmm-i an insect gcarcely 
exceeding an inch in length, so severely m to almost dravr blood, and 

^UepiinLed tw^m ProceemiiESi <il ibD eod«tr of W&sliliiffoi^ to!. Ifl, 
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simibr bite® on the Jingor or back of tL* * hand by some of our larger 
and mere powerful Orthopt^a would easily pierce the skills Davbj 
fflates that Setocephalu^ bites severely ^ and i^rmrd records natives 
sleeping in vineyards in Prance as being" bitten by Ephippiffera-* 
Bnmnpr Imi a piece of flesh, bitten out by the powerful jivws of 
Saga/ and WelUujin writes that Brach^lrupt^^j a largo cricket, can 
draw blood witli its strong jaw's,^ Cockroaclics are known to bite off 
the eyelashes and nibble the toenails of children in South America/ 
and in addition they scratch the faces of men, bite the grcMV' fingers 
of sleeping tikiidren ’ and oven eat the toenaibi of sailors.^ And not 
only do roaches bite man but they annoy hhti in other ways. Thus, 
Keverend Laock, nn early Swedish dergyman in Pennsylvania, had 
a roach enter his car, causing intense pain until drowned out with 
water like a rat from its hole/ There are other similuT mcidcnts 
recordod and tlie name “earwig'' wa-s given the Forficulidne by reason 
of the widespread belief that they habitually enter the ears of man* 
Orthoptera directly injuring man's ijcrson iiitcmaJly is ii subject 
pertaining mostly to their causing disease and the disseinination of 
the same. This phase of ortliopterous economy is do^ly coimectod 
with that dealing with external injuries b}^ the entrance of tho ear 
by roaches, etc,, as mentioned above, and especially by injuries to tho 
skin by secretions given od by ccitaiTi species^ Thus an African 
katydid exudes a clear y el In wish fluid from jsores iti the side of the 
body near the junction of t]ie lliorax and abdomen which causes a 
quite severe eruption if it conicj* into direct contact with the skin- 
The natives appreciate imd fear this ijro|)erty and its potency was 
verified experimenially by Dr, H, Stannusj* who thinks extendi vo 
ulceration of various parts of the Ixkly may sometimes result from 
this cause when proper medico 1 advice is lacking. Certain earwigs 
arc reported hy Dr, Wellman to be considered poisonous by the 
natives of Angola, and WeDimiJi himself thinks ifc po^ible that septic 
matter may l>e introduced by a ^‘^bite^’ from the powerful forceps of 
the forficulid in question/'* TIasseU has written on an affection of 
the lips of persons to whose moutlvs roaches are attracted for food 
or drink/^ 
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There are few Ortlioptera rccortitcl as the direct caase ef disease 
in man. In lS7i there was publhihed in Philadelphia an eight- 
paged pamphlet which reads lihe a production of pne-PIinyau day^.* 
Tlio writer contends that locusts and grasshoppers are the pfimo 
cause of the eruptive dbeu^ of living thingiik He proves hU usser- 
lions bv biblical quotations and, qualifies as a learned sekutL^ by 
various intcJ'estiiig statements, such as tluit house, flics originate 
from the intestinal worms of man. A more recent charge agabist 
Orthoptera as a direct cause of disease in man was brought to the 
attention of this society a year ago by Doctor Howard- This was a 
letter from a con\'^pQndeiJl who drank a bottle of soda water and 
found a decayed roach in the hoUom which he considered the cause of 
Bright'S Jiscai^^ a malady w ith which he was soon afterwards stricken. 
TTliile the iitslancta cited above involve dements liable to just criti¬ 
cism, there are others which are at least plausible and sodio doubt¬ 
lessly well founded* Thus literature records sevenil cuaea whero 
grasshoppei's, during great invasions^ fell into the sea to be later cast 
adiore in such immense numbers that the air was polluted by the 
decaying mass, I'csulting in pestilential conditions costing the lives 
of niany people* Also in times of grassliopper invasion's Uie insects 
liefoul the roofs of houK^ with their excrement and thfi rein water 
drained into cisterns from such roofe is defiled^ and dysentery 
restiUa from mcchaiiical irritation by particles contained in such pol¬ 
luted water." 

IIoweA-er few or doubtful the records of Orthoptcra directly causing 
dLseaso in mankind, their instruiDentality in the dlssemination of di?s- 
easo organisms Is a matter well worth consideration- lliBir impor¬ 
tance in this respect b, of course, slight fis compared with some other 
groups* especially the Diptera, and this phase of the subject is insjg^ 
niScant as compared with the gcnei-al subject of medical entomology. 
But tlmt certain Orthoptcra, &^pecially tho Blattidae, may yet prevo 
of real importance as dissominatoi^ of dhscaso is not to be doubted. 
That they are well qualified for playing such parhs ia certain. Many 
published articles show cockroaches to be veritable hotUeda of various 
kinds of germs and that they fairly teem with bacterial organistm* 
both inside and out-* Their eggs are covered with bacteria when de¬ 
ported* and their feces show microcooci in nbimdanee/ They may 
carry the hypopus stage of the cheese mito ^ and common ct^aopoli- 
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tun specie^^ jd Denmark have been proven to act ns secondary host to 
a bacillus Avhich produces cancer m ruts.* * Morrell concludes that the 
Qommon croton hug, by contamination with its feces, is able to* and 
may possibly, play a small part in the disseminatiDn of tuberculosis 
and in the trunsnijssion of pologenic organisms,* also that they are 
in all probabilities an active agent in the souring of milk kept in 
kitchemi and that tliey are undoufjtcdly a ven" important, factor in 
the distrilinijon of iuulds to foods, etc,, in cupboards and cellars, 
Oates stales that roaches may Epreud typhoid on ships and carry in 
their intestines and on their feet the organisms of diphtheria, tonsil- 
itis, and tuberculosis* and some writers consider them fully aa tlan- 
gerous as house flies, ns ilic virility of bacterial organisms ia not 
diuiinishcd by passing through their alimeiitary tracL^ A Danisti 
professor claims that cancer is caused by drinking water in which 
cockroaches have oviposited* and roaches have been mentioned a-S 
possible transmitters of the tropical disease beri-beri.^ Eoaches have 
also been considered in connection with the carrjnng of iho vibrios of 
Asiatic eholent,' and, in oommun with nmiiy other iiuHKits, they have 
been investigatetl as possible factors in the cause and spread of pel¬ 
lagra, blit with negative results.* 

There are few published referencea of Orthoptcra, other than the 
roaches, as diseo^ carriers, the only one now recalled being the 
spread of cholera for lung distaoices by migratory locusts in African* 
It is recorded that gnk^hoppers in times of invasions leave a cholera- 
like j>c5tileiice in their wake and they are also accused of carrying 
into uninfested regions the foot-and-mouth disease of ciitdc*^^ 

Aside from physical effects, either e^rtemal or internal as discussed 
alK>ve, man is injuriously affected directly by orthopterous inEGCfc^ 
K'nrcely at alb Aside froni diaagreeabie odors of such species m 
cfJckroHcheSt etc., that offend his olfactory sense, his i)flychic nature 
is practically unaffected. 

Orlboptera benefickallj related to man directly may be divided| 
like those injuriously affecting him, into tho^ affecting him phyai- 
cmlly and those inffaencing him psychically. The lirat group com¬ 
prises species used in medicine and those eaten os food. Tlie former* I 
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bolier^, is a niuitcr bssed slmast entirely on pristine beliefs and 
popular fallacies, A eoinmDn European katydid is given the com¬ 
mon name “ wart biter” fn>m the belief prevalent in Sweden that 
its bite removes wartSt* * Burr retnarks that it is possible that the 
wound caused by the insect, together with the action of formic acid 
often cstidecl from the jaws of angry Orthoptera, and a goodly 
amount of fniih on the part of the wart-stricken individual miglit, 
indeed, cause these mysterious growths to disappenr. Ancient lore is 
replete with all kinds of cures nttrlbutcd to various insects. The fol¬ 
lowing recorded uistances may be mentioned as pertaining to tho 
Orthoptere. A leg of frrt/TJu^ boiled in water prevents retention of 
urine by man and animal.* Cockroaches bruised and itiised with 
sugar cure ukers and cancers and kill worms in children; the ashes 
of burned roaches are an effective physic* and the inner viscera of 
roaciies boiled in oil cure earache,* Cockronchea are made into tea 
and formcfl into pills for various ailments of man and powdered 
and extracted in alcohol they are a remedy for drep^.* Oil of for- 
ficnlids nibbed on the temples, wrists, and nostrils strengthens the 
nerves; ashes of house crickets cure weak sight and enlarged tonsils 
and triluraicd bodies of migratory locusts, with proof sjurits, etire 
haemorrhoids and quench thirst," There are many more such records 
of the remarkable medicinal propertiw of Ortlioptcra but no more 
need be repeated here. 

As tin article of food the Orthoptera tire of retd importance ami 
lim general ua* of insects as food for man is not only a matter of 
ancient history but of the present times ns aell. Doctor Hownnl 
has but recoiitly uig:«l cxperimeiits along this line,^ and man of 
many climes annually consumes considerable qiuintities of insects 
and insect prwiucta. Were the present paper one dealing with in¬ 
sects in general this one topic of their liiiO ns food would Iw quite 
enough for one evening’s discussion. Confinwl to the Orthoptem it 
is limited mostly to a coiuiideration of the edibility of Icxmsts, or 
grasshoppers. Other families of Orthopteru, however, enter some¬ 
what into the diet of man and oven the unsavory cockroach, when 
properly Salted, is said to have an agreeable flavor for those fond of 
highly flavored dishes.* Personally, however, T have formed no lik¬ 
ing for roaches as food, in spite of the fact that on a trip through 
the West T had them serveil 1o me alive In strawlwrries, a la carte 
witli fried fish, and baited in biscuits.* 
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At lenet one gcnug of Phasmidi? serve as food for mitn, the natives 
uf 'SVoodlerk Islaml idling a spediiS of /fonjA-wfion-^ Gryllitlfli, too, 
are eaten, field crickets being an article of diet in Jamaica when that 
island was first discovered,* * and the natives of ^kfrica eat quantities 
of Itrachyfmpet, which they dig from their hiiprows and prepare 
for the pot by removing the legs a.ml wings.® The Grthcptora Di(i.st 
extensively used as food are, as stated rtbovp, locusts, or grasshoppers. 
There is no doubt but that wholesome and palativblo dishes may be 
prepared from tho bodies of these ineects and a sfimewhat i^xtonsiva 
use is now made of tiicin for this piirjKisu by the natives of mfliiy 
regions' Ansorge says that Joiin the Baptist needs no pity by reason 
of his entomological diet as he should lire of iioney sooner tlmn of 
locusts.* That the flavor of well-eookeJ locust* is not distasteful is 
vouched for by no less an authority tlmn Dr. C. V. Kiley. A eome- 
wUnt extensive e-xperinient was scriouKly carrietl out by Doctor lliley 
and olhciw and the reatilts sumnied up in liia candiil statement that, 
fmm personal oxiierience, be considerevl our common locust more 
palatable wheu tw*ked tlmn some nnimnls commonly Servfsl on our 
tables.* In this experiment, which was given coiusiderahk news¬ 
paper notoriety at the time, lociifits were prepared in various ways, 
all proving satisfactory, ^tneient and recent, literature is rich in 
reference to this subject and un interesting compilation of older ac¬ 
counts may be found in Cowan's Curious Facts, pages I 

wish Imre to refer to but one of these auckiit Items, a poetic inventory 
of the larder of a poor Athenian family. Tho writer, Mexis. says: 

Fur oar ftad dnlntlest cJleor^ * 

Tti rough tisft baif of tho ytor, 

lit buL 8LC*>nL% uiiloTm^ penfl^ 

OchroB, lunlaea, mtlJftlioa. 

Vetehoa, ■wild peal^ nta-e* or ton. 

With a locusrt iiovf (mil then. 

Under the title “'VVhj nc^t ent insect^?’^ Vincent-It. Holt hiia 
publidieci an undated booklet of 99 pngeij treating of insects fts 
footlj andj whik tbe menua siiggeated seem ludicrous, bo is evi- 
dently sincere iu hia atgnmetiU. Recipte are given for the prep¬ 
aration of locusts, and tho writer attests their palatabillty from 
personal experience and the teetimony of others. I quote a menu 
from this work as a matter of interest, though do not happen 

to be included In It ; 
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Snail 

Fried ealeH with w<H>d Iohec aauce. 

Curried cwScctefera, 

FrlcftBs^ af clUck-en wltli rbr^aiiiMA 
Bon<^ le^ of ninttchu witli wlrsworm 
DiickllcgH wstb iwaM, 

CauMSOK'-er Kanilslied niEb eaterpUliirsL 
MaUi? oa taast. 

Tlia abi>ve ij:ienti^ of coarse, souncls fibsurd, but h a raTr oyster 
more dttnictivo, gastroDomJcully^ than a well prepared locust I 
!^j well prepared locnst^^ for notbing favorable can bo said of 
illy jxrepoi^d concociiona HUeb as an unantboiiticAted aecouiit credits 
certain Indiana vdth using, that ia, fatiy juieea dipped from de¬ 
cayed ma^^ of loeu^s and eaten as a salad. There is a justified 
vagueness as to the details of this practice but sucb saladg need not 
be compared with the undoubtedly tasty and nutritioua preparations 
civilized man might enjoy could be only overcome prejudjocs Htid eat 
insects, Cbcmical anslysis^ows locusts to poss&^ a High nutritivo 
value,^ we have divine permission from the Bible to use them ns 
foodj* and they are admittedly tasty morsels, therefore why, indeed, 
not oat them? 

My final topic, Ortlioptora directly affecting man's psyctiic nature 
beneficially, b one of some Importance, Man's aesthetic nature is 
appealed to by the beauty of mauy forms, bis minsic-loving soul is 
soothed by their song and lib sporting proclivities am gratified by 
contests of strength and valor between pugnacious males of certaiu 
species, 

As objeebs of beauty a considerable number of Orthopteru are 
rivaled only by Uic most briUiantly colored butterilies. Por 02^1- 
pic, ocrtnin giant Itilic-crestcd gmsshoppers of South America ba^^e 
the under wingis brilliant with various hued iiiits, bo hlotidcd as to 
incite tlio admiration of tlie most stolid observer. Certain mantida 
of the Hid ^\''orld are so constructed in form and color as to resem¬ 
ble brightly colored orchida Thera are also many Ortboptera of 
more somber hues which are objects of admirntipn by reason of their 
wonderful forms^ some exhibiting a marvellous array of spines and 
ffanges^ and others are ^ constructed as to perfectly mimic in form 
or color certain objects, as hark, twig^ etc. Our CDnmion walking- 
stick insect resembles, when at rest, the twigs among which it lives 
so perfectly as to merit out appreciation. Stilt other Orthopteru^ 
which arc neither brilliant in color nor gtriking in structure, are ob¬ 
jects of intorest by reason of their gracefulness of form or agility of 
motion* 

iTt Oe-pt. lActUrt JJUr., p. Ca-oa IIOOTI. 

^litTltlcttl, tlL 11, pu. 2^ 
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The songs of Lnseet^ liave been enjoyed and applauded by man since 
tht^ dawn of history and among onr muaSciil insects the Orthoptem 
nre dumltiant. So musicai are the notes of some of our orthopterous 
songsters that it is difficult to e^Epress their melody* The rhjthmlt 
beat of the tree cricket has been termed by Biirrougb-^ a “slum- 
b^jroiijs breathing" while Tlawtltorne describes it an audible still¬ 
ness" and declares that ^if moonligiit eoiild be hearil it would sound 
lUce that,” ^ 

Tarious efforts have l5Cen mnile to set to mnsie the notes of Or- 
thoptenu Scudder made the attempt with the songs of a number 
of species^ imd Begcn has attempted it with the notes of TMm- 
notri£o>u^ 

A species of lorge katydid is kept captive by natives in South 
jlmcrica for the i>ake of its song^ and the natives of Africa arc lulled 
to sleep by the song of caged crickets*^ Some species, Indeed^ are 
object of barter in eorue regions* Thus gryllida are sold in little 
cages in the i^ttcets of Plorenoe on Ascensiou day as songsters* aJid 
caged crickets are sold m Portugal for their song and for the good 
luck wliich they are suppostsd to bring their owneVp^ 

Considerahlc use ifi made of Orthoptcra in ^3port, especially in 
China and Japan« The Chinese are much given to gamblifig and 
nre said lo win and lose fortiinca on cricket fights as Aiuericun 
sportsmen win or lose at horse raceSi In Chinn the fighting crickchs 
aro trained and cared for os csrefully as if they were bloode<l 
horses. They are given a fixed dietj partly of honey and boiled 
cliftstniats, and if one falls ill it Is fed on mosquitoes* A good cricket 
fight will last half an hour and, to win^ one of the oombatanta must 
slay hSii advcrssrj" or throw him tjodily over the fidneh wall inclosing 
the arenm These fighting crickets, which are all maieSr are bought 
and sold jike borwst ono with n good record bringing or ¥i0, while 
u champion often sells for as much as $50. 

1 UcNclil, EnL Afncr^ tnU 3, a 1^3 

’ UltctKAC^b'i H«pt Qwl. Kev Uampbirt, thI. 1. pL ^03-390 (167<4) i l£3n1 Ajtn. RepL 
Eiit noc. QuEiirloH ISOS, p. 03^X8 (3533)* 

*3Uti_ bcT. Aiad. VVI». Wlrn, Kluwr, i^Ih 07+ p* 4S7-IS9 (100$!. 

«Bae4*H JaarcL EdE., p. 474-I7T USea). 

* ^oubt. Ins. Thntf,. p. 130 (1034). 

«Uarr. rnx\ fL LmiiL EdE. legO, p. 13-13 IlDOO}. 

Uiilt OroaWjn E«„ toC 8. p. BO (IDIS). 
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THK DrWASllO JIRFm^TIONS OF 
1. IKTtlOIODCTOIlT SfTTT.. 

As creatures of Uabit,the attUade of mind with which we approncb 
a srientinB ptobkin lias much influenco upon whut we see m it or 
get from it. though the essence of life is activity—the response 
of die changing orgatiiam to its changing environment.—yet- this 
dynamie conceptiDii of animal relations, ajtfl ait t/iai it has 

not become as prevalent a mental habit among biologists as one might 
expect, IVhilo some naturalists view the animal from a njore or less 
dynamic standpoint, they do not include a similar oonceptiou of the 
relation of an animal to its environment .Still othein view the en¬ 
vironment more or less dynninically hut do not extend this concep¬ 
tion to the animal, and thus both of these conception.^ lack complete¬ 
ness and flro not thoroughgoing and consistent. The study of ac- 
tidties, or in other words the study of prcKscsses, has made great 
progress in the allied sciences, much to their advantage, and un- 
ilonbtedly tho prevalance of similar conceptions will lead to tjunilar 
advances in biology. 

In jlho present brief t>aper I have attcaipleil to diwiiss only certain 
phases of the pmblent with tlje idea of eniphnsimng the general prin¬ 
ciples involved, and m the hope that it may aid in making these con¬ 
ceptions of moro pcuictical value in investigation, and also facilitate on 
understanding of the dlscuadon contained in a report on the inver¬ 
tebrates of the Charleston (IltinoiB) region, to appe.ar in n eiibscqnent 
paper of this volume of the Lahorutory Rulletin.* 

*. T«n Bt!T.v TtoKa OF Tx> Tunm envibosmust. 

Tho study of animal ecology may he token up from many sides and 
in many ways. One of the most Interesting and lundamentn] of these 

willi tilt adtJItliiD of tUfr frou tli« ot 

of Ulcborf, vol. tl, fp^ IDIG. 

*Aji> Studr of Prvlrli? HEid ^FHt O-t RA-ilSOi 

m 
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is that which considers tha dcpctidc^i^^ of tiia animal upon its au- 
vironmonU and at the same time orients it in the gamut of energies 
find s«l>stflnccis. ilany phof^ft? of ihis discussion^ though elcmeuiarj 
and for this reason easily dverlookech are yet of fundaniental impor¬ 
tance. Every boy who has kept pet3 in confinement, and who huh 
hiid the re^jponsibility of caring for them and every one who Jms 
cared for domestic aninuds, knows what constant iittention must Iw 
given to keep Uiom snpjdicd wirh foinlj wnterj shelter^ and other 
^ nece^ities of And who can overlook the fact that it requircfr 

irttentJon to maintain his own physical healtli ? lu tlie laboratory this 
de|ieiidenca upon the envii^Qnioiit is readily tested experimentally by 
nny method of isolation which will prevent an nnintu! from securing 
any “ Tital necessity ” as air—when sealed in a vessel: or food—^when 
locked up without It; or a favorable tcmpenitiire, Xo aDimal can 
survive siich kolation from its normal enviromnent. Every student 
o£ animals in nature must also realize that similar supplies and ron- 
ditioiis determine and ronlrol the esistcni.^ itnd welfare of nil 
animals* The animal is not self-sustaining^ but requires n constant 
iiitako of energy and ^Ljb.-taner fivjiu Its envirnumt^nt. Chemical 
methods will readily show the sntirce from wliirli the Jufttcrials com¬ 
posing the animal body have been derived. The ash came from the 
soil or rockj and shows the animal s dependence upon the solid earth; 
the liquids enmo from tlie water of the mrili uml constitute from “fO 
to 05 por cent of the bitlk of the animars body^ showing that a rela¬ 
tively large quantity of this KUbstance k essential to all living ani- 
muls; I ho abtmclant gascotis element was derived from Lhs atmos¬ 
phere, to which it wiU agniii rcttim* The imli^lsince compoHing the 
animal body is derived inaiuly from the water and the uir rather 
than from th^ rrlmivcdy inert and stable earth. It will be profitable 
for us to imagine Ihcse proportions so clt.anged tliat tlia solids ins^teiid 
of the relativeh' mobile liquids and gose^ form the principal nmss of 
rhe body, keeping in mind mcnnwhile tlm slow rate of clicmital 
chtingo In solids compared wdtli the change in sabstance in n finely 
dtvidi^d conditionj such as liquids and ga<;c^ If the solids predomi¬ 
nated. I he rate of the cheinical change^ upon, which tho active life of 
animnls depends, wQuld he greatly retarded, and animuls;. including 
man* would be stolid beyond coaiprchengion, Furlhermfirci wo must 
not overlook the fad that animals are not maintained solely by auh- 
stanccT because suhsiiiincesi ar^e also camera of energy. suUdance mid 
energy never being scparoted. Tlie living animal is not a producer— 
it can make neither ^^uhstnncc nor energy—nor is it a kind of energy ^ 
it iii Solely a a cliemical engine which changes the form 

of substance and chemical energy and prxiducea new combinations 
from the old* The living plant tram^forms energy and inorganic 
sub«tiincc, from the air, water, and earth, into complex chemical com- 
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prtiinil!^^ (lYLil ihm concentmtes powerful cUciuiertl Kucrgy m surh a 
form that the animal, by o ftirtlier cbnnge, is able to sot it and to 
iiiilizc! it, Sug;ar, diarchy and gluten aJr& familiitr (jiXtiiMplL^ of tliis 
“tabletor “cartridge^ form of cbemical energy which animals 
explode or act free and then use in inaintcnnntw. During this tnins^- 
fcirn 111 lion, in which cbcmkal energy IR set free* waste proiluol^— 
inert cbcmical siihstances—are fomitHi which if tiot elimiiioteil from 
the animal system will prevent iis oporationj just as ashes If not 
reniowd will cbL-ct a furnace. Kcspiration aids in the rcniovnl nf 
earbonic-add gas—a waste product—^from the body, hut wo often 
forget that the chemical energy^ denved from Uio oxygen is mi iin- 
portalnt feature Sii respiration. I^y aimthcr process the liquid and 
the solid waste is removed* Thus gases, liquids, and solids are taken 
into the body and Inter returned to the environment in a difTercnt 
chemical conditinn* Ihtifi completing a cycle of transfomintiort^ Tliat 
tho nnimal body is so largely made up of fiolntions and gaseous sub¬ 
stances is an important factor in its rplntlvcly unstable chemical coa^ 
dilion, a ecjudition of r^f^ihriumy which determines the 

active and dymamic charnelcr of the ajihiiiil. Since, then, chemical 
activih' is one of iho esE>entifll characteristics? of n living orgimisin, its 
inflTience forms one of the main problems of the zoologist when 
studying the ebangra in animal activities, tlieir orderly sequence, ami 
the laws which govern them* 

On account of the fact that tlie animat is a chemical engine* it is 
able to use cheaiicaT energy' to the fullest extent. I f wo assume a 
hlcrnrcliy in the forms of energy^ rbcmical energy- seems to belong 
to the upper fur ibougb sonio funiis of cnergT.* are not readily 

tninsformod into rbemical energy, clicmiciil energy can lie trails- 
fomed into uTl ji result the animal* lieing a iliemicn! 

engine, has, ui U were, an ^ itK^ide Iriick to the main sotirctii^ uf en¬ 
ergy, and thus bj tmn.s format ion is able tn utt!!^^ chomiral energy 
tu form light^ as in the firefly,or electricity, os in the electric eel; ojui 
other forms of cnerg}' useful to iho animal arc similarly derived- 
Tliis study of the activities of living animals, os contrasted with tho 
stiKly of dc4iil ones, is u [dia^ of the geiicnd i>f euergetics, 

a geionco wliith furnishes the hagis for the ■coriAdaliori of many di¬ 
verse branches of knowledge. 

llio nc!tivitios and truunfortimtioiLS witbm the oniinal body sliow 
us Very clearly bow an aniinnl is d^[pendent it|xjn ciivirnninental 
e^anditioufi. The aniiuQl tnmsforms lur* water, and rock, and all 
n aims I babiuts and envimnmenb? must contain tlicse elements- In 
nature the.s? an* coinbiried in a multitude of ways- The interrela- 
tiona of theSie fundamental environmcntnl units have been strikingly 
expre^setl by Powell (iBflu: 22-23) qs follows t 

Tlip oiiTiPlniiejr of nit, water, aafl rock nre so distinct that tticy caa l)e 
etearlj rnmlcLpi-tLLHhrHt; ascid j-eI* when ibe^ aro carefully sindled. U lA dliseovcred 
GSiaS'—SM1017-34 
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that L^v^Tj eo^ ^jacnoachea upon Uio teirUarTi' of t3i& otbora* not only br In tor- 
n.cUm bat also by Intffrih'iii-trHlIun, It bna h^u nho^ timt tlM* watiir 

pcm>tnit4M flOL-p Into tltt' roL-k. Ev^Jiy apfinj? Lbnt faliit fttnii Lhc hlllRldo 
pjmxpf tiiat Uie rwk^ aliovo Its lipvel hold wainr, ^iikh tl^^y yield slowly mt 
n ii^rpatibil : mad tlie InaumenLbte hUta of [he coDtlnonta nnt| ifLiarlo 

[m%^ Ibelf lanniuertiblu Every well provesi that there h' water below; 

e%'ery arte-’^lnn fount aln iiihow!:f the exiatonce of aerirTpronnd wtitiiTfij otvl i^very 
iKPrlhg Ja die ernsn of the enrtli, and cTiiry ereaviitloa In imdor^ouad tuinilaj;, 
dUcoTTTB the presence of water. 

Wliercvitr water air Howb with tt, and all imterol watert? nm pi^r- 

jibEnitcd wltli air. 

The aquMiua i^veteiN? la everywhere rtemwnlorl wJth rock, whl^tU It holiJa In 
CMliidon or snanfioiJtm, and tliert? Is tio natural wctlor nteui^luteJy piircL The uva 
Ih fall of siTLlt lakis are teoro than full of smll, anrl 30 they aumt Uirow 

It u[mn the iHiittojut and ih*^ waters liaM iLiac and taaiiy other anbKtuecea, Kot 
n ilrup of i^nru wa ter can Ixi fan ad in the Ftii; not a drop ran bo fi;mtid In a 
lEiko; nut a drop of jitire water enn foniul la any rlvcr^ creele, hroi>k, or 

iqnrlnfe^; aial lint a drop of pare water cau bo foaml niulorjrroand; It \» all 
jaljt-d ta desna! with rcwsJL 

All nattlnil w'atern are aoratcisL No drop of woler umnlxeti wUh rovk and 
air can \w fosiTuh eiwpt by ibe praco^^ nf nrttbehd imrifleniioEi. 

Bnt Eurtdy there is ivure idrl Niiy^ mt pax There In no notimd ntr miniExefl 
with rock and waten All tits nlr that drciUati^ al»vc the htiul niui aea^ within 
the ken of man^ and ail the air ivtilch drenJates ttndorgroniMli Is mixed with 
rock and water. 

Pare air hf Lnvhdble; It wlU not redtjcl Jlttht: It In trerwiairenk hut will nnjt 
eonvey llphL Litfiit in conveyed thn^uyJi Ebc atirKiapliere by otlior, nod Is 
reflected and rofraLted hy root and winter; aial it eeemfl in be Ifirfjtrly affcctwl 
In tbla nmnner by roch. If the ambient aLr of the earth w^ere pure, there would 
be tia oohsr In the jiky. no rulnboiv In the heavena, no i,TJiyp no pur[jlo, up 
rrSniMsii, uo ^;ohU Iti the eloiida. All thwio are <Iue lur^pely to the dust In the 
air, Tli4> pnriKle dond la painted with dusrt, nad the sapphire sky bf adamarit 
on win^Ea. 

Unul planla Jive on undergroand waters: were lliere no J^abtermnefio dr- 
ealailan of water, tlioro would ho mo land ptanLH. Flshra Mto on uaiJerwater 
nlr: were Lheru no clretlliiLlon of anhLutiioiaii/ air, Qiero would tic no hsla^ In 
tho pea. The cloa^lii uic formed: by particles at dunt fti the nlr, which fpdlkiT 
the vapcir; witu Ibcrt no dupt In the tilr, tlioro would he no clonds; were tJuTC 
na clondar tliere would bo no ralft^ 

Up to this pomi wc Imve t-onsiilered mainly the processes of miiin- 
tennnea of the fliiimal bodyj hut there aru otlier processes as wdl 
Tchicli must Iw called to ndml. such as growth, tlcvdopmcnt, miiltipli- 
cation, and bchitvior. Physiotugicnlly comsidcred, imno of tljeso 
activities are essentially ditfere-nt from the fundamental phases uf 
metnlKilisni uml nil are dc|s-ndent upon it; they are special fortai 
of the tran^ffoniintioti of substances and energy wUblu the onlniaL 
As the individual ntiimal grows nnd develops in its life cycle, its 
inetnbnlih3n, form, and behavior change in nti ordcriv manner, and 
this trao^formation is In the main r continuous process like the other 
ironHfoTintttions of matter and energy. The changes which take 
place dunng otitogeoy are often greater than the difTetenciM which 


AN'IMALS Ajfjy TiTEIB E^VIHiONMENTS—ADAMS. 


519 


exist Ijct-w-wn very distantly related adults, and tLese diffei-ences re¬ 
sult in very dilfunuit rules wjdcli Llia iLiilniul often pluj-s in tlie 
eoonuniy of nature- 

Cotiiparubtc to tlie resporisfis of the aiiijiiul to its enviramnent, and 
indeed cssentiaJly of the same kind, ftro tlie reispoiiscs of any part of 
an animal to all its other parts, the entire organism, in this ease, 
Iieing eoiiijidcred us ii uniL The environment of an internal jjarasite 
ia formed by the laidy of its host, and in a similar sense the dijlerent 
parts of the body are parts of the environment of the other parts. 
The flilTorent parts of Uio animal body are what they are on ac- 
coimt of thiTo uouditious. The first Is ik-tcrminpd by its relative 
position and responses as ti member of a series of siicccssivo genera- 
tiona. In Ibis way the hereditary ij^^teiitialitiea arc determined. 
Ktulogieally considered heredity may [-egankd both ns tlio re- 
spouiio of individuaU (iioioellular) and gernti} to tlie conditions of 
life, and as tlie mtitual resixiiLsoa nf difTcrent germs to ono anotheiv 
The crossing and intermingling of germinal dements is as truly 
A resxKitiso as are otlier forms of activity. Secondly, there is eonsidor- 
nbla cvidcnco which indicates tlliit at «wjie st/t(je in the development 
of nn tiiuma! any part is potentially capable of developing into any 
other part, Tlie chaiuctcr of development, then, is conditioned by 
the cbaructer of the cell-onvironment—its relative position, and all 
ibut implies with reganl to environment. A fragment of a regener¬ 
ating animal derehips differently according to its position, and thi^ 
is a response to its relative position in the cell eommnnity. Tiiirdly. 
the de^-elopmeht of an animal is conditioned by itscxternnl environ¬ 
ment. The external conditions influence nnimiila by clnniging tlieir 
ititcrtud aclivities. Tlie internal changes modify the cell comnmnity 
and change development. In tliLs manner every part of the Rnimal 
is mthiencei] by the conditions of its existence. 

The itroccsscs of uictaWlata are contmuoua as long as life lasts. 
Tints, ns an niiijitut respires fhere is- a gaseoTis exchange, from the 
earliest stngr-s of its existence until its maturity and death. Eggs 
respire as surely as larva* and adults, and the chemical, ph3'sical, and 
physiological changes within them vary with their growth and devel- 
oiimeut. Some of these changes are primarily dependent on the 
orderly course of devdopinent during the life cycle, and are thcrefon* 
irreversible processes, because no higher aulmal which is mnture may 
reverso its development and become young again. At, different stagii 
of developnieiit difrerent ensiyincs and banrmnee appear which mmi- 
rty the phygiological condition-^ of growth, development, and Ix‘- 
hamr. Environmental changes, pereistent and uniform, or periodic 
in charecter, tend to modify and alter these internal processes, and 
are an additional source of change, which U particularly shoivn in 
ijehnWor. 
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Il is interesting' to observe in tliia connection tbut certain fuctors 
are impurtant as thev hjiateii. or retard other processes. Thus enzymes 
hasten cbouiciil diangcs wliicU witlxont tlieni would take place at a 
very slow rate, jttid they set free much energy in a relatively short 
tunc. Temperature Is another hastener of chemical reaction. Xot 
only is it n condition which sets Itmitations on the chemical reaction 
in animals, but it also inlhiences their optimum, and with increasing 
tcnipcratiiro chemical changes take place within the animal irrespec¬ 
tive of the control of the animal, eicept in I he w'enn-blooded animals, 
where a mccltnnl.^m c-vista which regulates, wiLhin certain limits, 
temperature conilitiQnH, 

a, OKTIMA JIM) iJiUTIJiO FACTORS. 

have seen that the animal is dependent upon its environment 
for lioCh substance and energy. If, tLerefore, the cnviroiunent docs 
not contait), in available form, both substnnee and energy, snimala 
will not Ix) ablei to live in it pennanenlly, ulthough with energy stored 
in tlicir liodics they may 1 m able to make more or less prolonged and 
successful inv'asions into such an environment. The optimum is the 
most favorable condition for tiny fnnetiom Wo may coiisidcj* oplimn 
cortesiMJiiding to tin its of dlffcTont mnk: a single coll or tLssnn in 
action, an organ or system t»f orgftn.s, the animal a-S ii whole, a. taxo^ 
notnic unit'—ami so on, to tin animal coniiuunity or association. 
There ari^ then, many kinds of optima, and the study of the condi¬ 
tions whidi pnaluco them is a complex subject. The optima for 
different functions mny differ much; for example, that for growth is 
often different fixmi tlmt for rcprmhiciion, and the optima may also 
change greatly witli the (Ici'ebpment of the animal Optima, tlicrc- 
fore, am not fixed conditions, even though they do repiTsent a emdi- 
t ion of physiohigical i'cltUire T]io amount or iuten.sity 

of substance and energy which prod nets nn optimum is liuiitcsl alH)Vu 
by the maximum unil EmIow by the niiiiiminn. Thun tiepnrturcs from 
the optimum, toward an inereasp. or a decrease, am departiires /rofft 
I he mip^i favorable condition.^ toward less favorable conditions, and 
lienee Nnvard iimiiing (5ondifioii.s. This form of expression Ls imiiniy 
that of the laboratory; it is desirable tliercforc, in addition, to express 
it ill terms of (he tiormnl habitat In nature wo look upon the opti¬ 
mum os thaf complex of linbirat factors; which is the niiivl favorable, 
Hiiti departure in nny direction from thU optimum intensity is in the 
xlLraetiDti of n lesi favorablo degitie of intensity or into unfavorable 
conditions. From llils .standpoint any tmfavoratU cwndiVitMt w a 
a nut lug factor and may retard, hasten, or prevent vital and eco¬ 
logical ad ivitlea. Optima are tliiis almosl ideal comliliona, and are 
probably roallxed in nature only to a limited degree : in other words 
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olilj appmxiuiJiU'Jy. Here ulssO, as in Llie litbotiitory^ they represent 
u condition oS e^uUIhruirm^ The lews of the tmns formal ion 

ittiJ development of opunm ere of great eeiplogiral importance, as I 
pointeil out ^verft] years ago (l£M>n, In fiGld stmly probably the 
most Yalimhle criterion to be used In the reeu|^ition. of ecological 
optiniki is rhe ncmnal relative abundiince und indiieiice dT miimals in 
their breeclliig etivironmenb 

In the preceding discusiaon no special emphaeis litis tteen plaecii 
upon the time element, or ihe nite at which cJinn^res may take pJace^ 
Xatnni] environnieiit^ arc complexes, in tJiw composition of which 
several factors arc iniolvcd- This being true^ it is desamble to recall 
ih© fact that the r>ati* ehnn^t is determined by the pace of the 
filowcHt fiietori or, os Blitcktnnn (U>t>5 :280) hits e3£|n%s^cd it: 

ViiTifla n piTHiess fe eon^IlHoneil ft?t in Its mpklitr a rvf sepfinilo 

fartom, xhe^ rate of Oic jkrcK'iias la llaiitcil l>y the pace of Uie “slowest" factor. 

This is a general law and applii^ to all rhangc^ ititerTinl as well 
ns cnvin>nmental. 

In clo^^ing this setlioiv, I whh to call attention to another eonclii- 
pson cd the Engliph plant pliypiologists Blaekiaan and Smith. Tliey 
state (1S)11) that fmm expcrimentnl study of tSie a:^iimlation of 
water |i1ai)Us the eonc?eption of the optimn is untenable, and that the 
phenomena are lictter explained as tho rcsailt of ^^interacting limiting 
factors than by the conception of optimir (p. 412). This principle 
is formiiliitefl as follows (p^ SD7): 

Whi^ Beveml fnctor* are jNCifspil^^ eomriatloi; n functicti, n t-Tnull Incni^sin 
«r nt thi-^ factur tliul La tlinliiri^, ntul that ffti^lar tmly, will loins 

at«>ui ELU nln-niutinn i.af ihe iimF^lliii]*^ of tliti fuartEnmt] tti-lltity. 

It yfll t» of mnch iiupoHiincc to t«it Uid upplicfttlon of Uusj hIch 

to animal reBiJOnscii * 


I. atrtEMTXA-najr or dtsa^c ot.^tuo. 


In ftny stiiily of the eiiergetica of orgnnisms it 13 ilosirablc to have 
flearly in itiiiid one of ihe fundamenta) coace]}Lion3 of this science— 
tho dynamic status. The !aw of conservation of onerjijt' teaches us 
that energj’ can not bu destroyed; that it is transformed only^ and 
thus^iinderj'Dcs a cycle of changes. Tiie nnimal or an animal com-* 
munity, as a unit and as an agent or transformerf is constantly 
l.mnMfomuiig energy, setting it free. In this sense it originates, but 
not at a imifomi rate. At one time much energy may be tmnsformet) 
and at anotlier very little, iinicn a ,2^0!■ amount of energ>’ is being 
set free, when the aninud or oommimity is exerting nmcli influence, 
we n>ay look upon it as piwiiicing pressure or strein. A condition 
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i'sAwlki Jot ilLKananir I be t?filkTlitl rjH of v|9tlmj|. 
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of Stress 15 not u perutiinerit one, Levau;^ iLo prcssuro tends to ciiiiso 
Eui-h change aa will equalize or relieve thw condition. This is con- 
sidered ns the process of adpistmeiit to strain, and is ciillwl Buii’ 
crofts Imv (1911), An unitiui] in aa unfavorabJo condition is 
St i mil In ted. its iiuiiaal uctiviiies uiu interfiyrc<] with, and a ph^'sio- 
logical coudiliou of stress is produced wlucli lusts until by repealed 
rcsjHMiites or ‘^trials'’ the animal caeajics stiainlullon or .miccnmhs 
and u ndutive wpiilibriiiiii k established. An ami may beooine over- 
jiDpiiietluL and eonst^piently tliero iiioy bo ostablishffll a. condition 
of -stresrt. which results in nn adjustment by ii retiuclion (through 
nmiiy causes) in the excess of population and a lestorutiun of the nor- 
Rinl, or a condition of relative equiUbriitiii. From these exurnples 
it maj' bo seen that the tiialug meuna the condition of a 

T*fMf or system with regard to its degree of tidtiiiae equUUrriM^ih^ 
The cycle of change may be considered to bc^in at any poinL I have 
taken us the initial stage of tJic cycle the condition of »tre»x or prm- 
fforw, and have indicattd how this condition tends to change in re¬ 
sponse to pressure, bringing alu>ul ihi- /oWfcrjr of tiiljustmcnt to strain, 
mid leading to tlie rot^lliku's. of adjustment to strain, or tlmt of rein- 
live equilibrium. Tiie activity of the agent produces the cuiulition td 
stress, the proectiS of adjiistniont to the strain follows, and tlik luatla 
to the produd—the estabJishment of the coudition of ndjudment or 
of relative L-iiiiilibriunL 

The.se conceptions are very snggestive when applied to varioiw 
phases of orgami: activity, nml aid greatly in utilizing the dvnamic 
fonceptioiis which are in constant iLse in many of the pli^ical sciem vs. 
liut we can not l^^ssum* llint tliese ideas will 'livtc definite form nnlcsj 

the student makes soma sijectal cirort to master tJie princirdcs 
mvorvenL^ , ^ 

ES, AS^>%^K nK’^n>SflFS» 


Tlie general rharuclcr of the changes w ithin the aninuil. whirl, re- 
fiidt m the Irnnsformat tons of energy and suUtnnce or the process of 
melabohsm m its broadest sense, is the basis of nil animal tearmnsca. 
It I.H well kuo,vn that growth, development, and behavior arc c«mdi- 
tmimd by ^rtuin metabolic pr™^. the rate of which arc fnrtliej- 
(auditioned by the prese-nce of certain sulwtancfs, as cnEvmes (from 

rf’ ^yrdid, testes, adremtls, 

«c.J. l l,e mflitence of certain physiological c'onditionf or prtwessea 
IS thus well known to affect the bclmvior of animak. The change 
of instinct Ihrougli the removal of the testes or ovaries, may be cited 
as examples of this iiHluence. An animal whoso metabolic'pnwesses 
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have reached a certain stoge is said to bo satiated^ Inter it ia in the 
cornrition of iriclpicnt hu.n|^r; and still later* in the physiological 
<-oiiditicni of intetiiiO hunger* These ioternol changes cmiso the ani¬ 
mal to react very differently to any food which is in it® iuiinediate 
vkiiiitj% These changes in physiological conditions arc strictly 
comparablo to Ihc change which an animal posses through in its 
ontogeny; to the life cycle of an inseetj for exomploj in which <liw 
physiological ctniditions and behavior of a culerinllnr are very ililTer- 
etit from those of the pupa anti of the adult or mollu One of the 
higher animals, a dog^ for iiistancOj will undergo internal changes 
which wdll completely alter Its responses at the sight of an old rival 
or enemy^ 8uch conaidcrations as those just cited show clearly tiiat 
extensive internal physiological changes take place in animals, ttiu! 
til at while some of them am very gradual others are exceedingly 
riiphh TliCii^ internal conditions or changes have been well char- 
acterize<1 by Jennings (ISMXI^S^) as follo>vs: 

Thr: " plij^lalLPirlcnl stute" Is evrdf'atiy tu Uv>]c(hI urHin na a cl>™ni!e eon* 
rlLtlnn^ tint ujs a rflnllc one* It la a cerUiln way In wliLeh iMHllly are 

litkln;; lilaee, iitiil tends OIroctlj to tlw? rMMJurUoa of t»uaii! chaioa?. In tlila 
ranpect Uae *‘law of dyuaiaaeeiiffiUa,” Utopouitilcd fur Ideas of movemeat in luau* 
lipliKefl to H ilSrsH-tly (Kfililwrn, IBOTtlffT) ; IfL'WH niuat tndeeil he confficleretfl w> 
far aa^ tliclr u-bjective ttEXompuilntenta aec irtsiwvmtNh ujt certain pIiysEolDj^k-tLl 
In liij^Tier ur^ritnlKiua. The etmng^ mwarU whicli llie MliyHh)liiKlcal utiite 
nre of two klyilfl. l*lrst, rhe rbjhiologtml s^tute fUte tbe Ideti) OmhJs to 
prtHJai*^ niovHiaeitL Tlibt oKiveuieut often tv^ojEis la mi-U a chiiugo of iHmiU- 
tloud ttii destroy^ iSit* p(i>-? 4 r 4 uBleiit a|4ite uiiLlef oonnklerudna. Hut Sn caiKe U 
iloes not* tlien tLc HeenutL trailcxtcy nt tlii' phyatotisiaxiil staiu ahoa^ JtaielL It 
leniU to fipfloKe Itjielf Inti I aiaritliGr aud lUffertait Htato^ 

I may ihus ^ummariKs the relation of metabolic piwc^iseji to 
physiological cotiiiHions and processes of behavior bv the following 
laljlc. 

TahleI,— aj;miFfdr’ rrtnikifiw of ttnimtri orHviUf^ 
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Tho responses of iinm^jil? to tlio contlitionfl in ^vliieli llifly liva are 
of li itomposUo chflTneter. Cci^ain re^innises^ gncli us the chirjjing re- 
rsf n coot wjtliiJi the cff", ttro inheiitCi! and are rtlulivcly unto- 
tiiuLb in rJmrarfcr; rstliers are greutly niCKlified by exjjoriencfej ils when 
all animal or forms ii habit by reiiealed resj^oiises, 

1‘hi- iT^rpOTiscs of immiub in the conclitions of oxistence aro the 
b;isis for uisy ^ixit]y of their relations, not only to other members of 
their own specieSj but to all elements, living or otherwise, of tUcir 
romplete envirofinienU It is from this standpoint that itniniiiTs must 
be txuisidercd in estimating their place in the economy of nature; that 
is^ in estimsting how they inilnrnee one another in an association of 
animals living together m Ihe same habitat, and in Judging of their 
relation to the aueceswion of animal eommimilioiS] and even to man 
himself. 

rt. TJIK IX’TKJUOXATtOS OK AXT.nALS. 

A OToap cr uriHoel/jtlcn of anLmulu or rlimttf lEk« it filnate eroaniKiii In (lie 
tin't that Ir brfapi to Ueur urwui tlio outer wofltl oialy the Rurplas of forces re- 
omtalnj; after alt tntrrJer to Itfiolf hare iteini ntljuslod. Wbatei'er 

ax(H*linitaro tif uiiirrt^f U tiL’ci.-ssarr to maloLalu UiO eAlHElug Internal halamirc 
aaiiPuntu ta m much powvr locked up and rendcrt>i| unaTuLlaHIo for ortonial 
A. Forbcfl, 

IVo liavff now tlip depondsne* of the aiiinml upon its environ- 
tnent, iifl this forms the liustFi for nn understancling of comlitions in- 
Tolvecl in the pniMetn of nwifitf-iiaTtei' or the upkeep of ilie tmimaU 
Hie optimtim conditions for prolonged miiiotoniinee produce the vital 
and ecologicul optima. These conditions Imply more timn mere 
Tiiiujitennnce; they mean as well, u degree of fararable conditions 
'vliicli permits the animal to exert an influence or stress upon its eii- 
vlmnmcnL jVs Forliea has said, if all tba cnergjs- BTaibhle to the 
aniiniil is utilized internally there will bo notliing left to inflnenco 
the environment. Jletaljolic chnnfies show dial l.Trge amoqnits of 
energy and substaiiee are tused in niftintenance. Under optimum 
conditions e^nen greater ninounts must ejcisL An niiimid must not 
only Ij* ohlo to mnintam itself ngaiikit other kinds of animjils hut 
e\m against its own kind, for tho overproduction of its own rtiec will 
he practically self-destructjve. A good example of Uiis kind of in¬ 
fluence Ls seen in the hortlnsg of lemmings which migretc, even into 
die se.i, when overproduction becomes extreme. 

The vital and cccilogicul optima are thus to 1* looked mion os in- 
ternuliy balanced, but oxterii:illy, not asu stato-of balance or poise, but 
ns u condition in which the animal is exerting stress, pressure, or in- 
Eliienco upon iLs eiiviroiunent, instead of being poaaivc or iiicrL A 
group of aniumls living together in any given condition such as an 
^iciatioii, is iin assemhlage of interacting organisms, Tlie active, 
iree-movitig iminiiils coUide with each other, vvitii other kinds of ani- 
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mal% c^p^iallv tlii* relulivLly t^-di^ixinty kmcL^ Lind wiili tlitdrcndrou* 
ment isf pltiiifa and the inorganic factors. The relatiToly sedeiitnrj 
aniinak are corries>[x»[ii]iiigly bum bar Jed by all elements of tlieir en¬ 
vironment, Tbc a^^datioii^ jns a wholej Is thus in n continitons proc¬ 
ess of boinbftnlment and resptoniJe fi-om every po»db1e imgle» imd Just 
Die iiiilividuul iiiiitiiul Is stimubiled and respond :^'ncj nil the mem- 
l>ers of finj fi-^sorintion are stlmTiIntcd and rcspi»nd in n siiniljir iiitin- 
iiiT^ It irt by form of netii ity tlint Linimnls nnt only inLiiiihrni 
themselves bid exert a radiating Influence. 

rt will iLSiiist in rcjiUicing tlio constant pressm-i' eAerte<l by aniinuls 
if we compare llieir activity to tbe flow of a stream, Tlie pi-csatire ex- 
ertetl by tlio stream may be renli^sed if by a dim or similar moan» tlio 
ciirreut is tv^ihitcLj. Think for a munient of tlie nnioimt of energy 
wbirh wouhi be transfoniiwl in an effort to jirevent iinlmals (or 
plants) from biking possesion of a fat*&rahk hnbitmt. Imagine an 
tircLi lu feet and tlunk of the effort it would retpdre to prevent 

aninijil^ permanently from invading and establishing themsielvca in 
tliks habiut if no barrim-s were interposed, and if the means of de¬ 
struction of the iuviiders were not so draijtie lluit llicy muterialSy 
cliiinged the chnractcr of the habitat Tnerease the si/js of the area and 
the difliiriilties will inercaec in geometrical mlio, and I ho utter futility 
of such iin iinJertabiiig will soon Iw ithalbseil, I’he spreuding prin-efist^ 
of the gj'pby moth in MiissitcliUiielti+j and iif Die i^an Jose scale and the 
cotton ]>oIl wefivih^^howus in temLs of IitTiuan pxi>tTient‘e ^mething of 
the energy ex|jeitdcd liy these radiating animal aetmties even when 
there am .stn;mg human w'-ononne indii^vmonts ngain^ such invasions. 

When a balanced condition, or rplative equiHbrjiiin, in naturo is 
referred to we must not a-ssiime that ad balances are alike, for fttmie 
are disturUal with little effort and other? are exceedingly JliEcnlt to 
fhange. This distlnciloji is an important one. Once the balance i?* 
disturbed the process of reodjustincnt begins* This is a phiise of the 
balancing of n complex of furees. dust w hat stages this piw£sssi w il t 
pass thniiigU will (k^^jend to an imimrfnnt degree upon the extent of 
the dlsturb:cncx^ Slight di^urbance^ are taking plnee all the time 
and grade im^ierceptibly mtu the normal process of maintenance^ as 
w’hen a tree dies in the forest and its neighbors or siipprcsaed trees 
expand and take possession of the vacancy thus formed. Disturb¬ 
ances of a greater degitn?. on the oDmr haatl, mity only he adjusEed by 
a long cumuktive pruoasK. This change can progl^es!3 no faster than 
the rate at which its slowest member can advance. Tims a forest 
association of animolB may bo destroyed by a fire so severo that nil 
the lliler and humus of the forest Hour is burned. Tlie animub 
w“hldi live in the moist jiuniii: layer aa a habitat^ sudi as land snail?, 
diplopods, nnii certain insects, can not maintain themselves upon a 
mineral soil, rock, <ir clay, sxicli a forest area becomes refoitjsted 
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(hiise arkhnrtls can onlj find tho optimum coiuUtions when tiiu slow 
proct^s of huinim formation readies a <?ertaifi o/ 

Dndcr such tirciiniiStaiices this later s?ta^e Ijc pre¬ 
ceded by mUefred^utt procei^e$^ and nstoration of the bahuica Ls loti^ 
deluyed- Some adjnsUiieuU take place so ([uiekly that liltk caii 
learned of the stag'cs through which they pass. There are* hnwoveri 
many alow pmei^vstw which a fiord an abim dance c^f time fiir study; 
ill faet bf>me lu’c t^K^ dow to study during a lifetime. The 
which ani modemtely slow are often particularly illiiinimiting be¬ 
cause all stagea arc fm|uent1y bo well preservifd thnt comparisani is a 
Tcrj osefid method of study i the slowness of a ptx^cesE^ lins a certain 
resolving injiveCj as it were* recall Lag the influence of a prism upon 
a bcfini of white light, w^hich reveals many char act eristics obscure to 
direct vision. A study of the processes of adju^ment imiong ani¬ 
mals is a study of an irig>ortani phsij^; of the prohlein of maintenance. 
The contiiiiinl process of respouBa will, if circuniritiinces permit, lead 
In a condition of ndative adjustiiient, or to a balntieing among all 
llic fLicOprs in operation. 

7. al dnith tor ktvut, 

Irj the study of animal re^^ponses many dilterent units are nvnil- 
ohk, and a brief cousideration of Ihe^ tviU aid in an understanding 
<y( the methods wdiich niu u-sefuL BecaUMP the animal Unly hxs Lhvii 
found to be composed of a single ceil or a multitude of cells, a com¬ 
mon Iwiief has grown lip that the cell k the natrand unit for 5tiidy, 
This op'tniun in Jaj! liny to overlcxiking the fact iliat ihere is just 
as iiuicli reuMHi for t^msideriiig the as the unit The 

unioelluhir amnmls are aubtudJi as truly as they are cells, ami 

in multicellular uninials the activity of siugle cells means little inde¬ 
pendently of the animal as a whole. Tf thns seems that ecnlogiLully 
at Icai^t the .smallest laleubic uni t, for study is iUe 
The iies]ioiises of tlic individiiaU a^ a kind of animal, to it n cuiiditioii 
of oii^itviac P>riiL tlm ha.sjs fnr w hat inaj* bo called indh^hhud 
AnlnMLla which related by descent from cozuiiiuu unettitoj^s, ws a 
comrniiiuty of social ntiunals (e. g., an ant colony), or taxonomic 
uiiithT, ^-llch a.T gvjieia, families^ orders, etc* [e. g., ikh, birds, caUidies, 
and salammiderN), are also units which rnny be Jiludied ecologically. 
Some of hereditury miita are, ecologiimUy, fuirly hoiiiogviieouB^ 
as, for instance, wdien n t*^NOnomic unit is equally distinct pcologi- 
callj^ c. g., the woodptadcors with their arboreal habits. In other 
rases the taxcuoiuic unit contains unimals of grciLt ecological diver- 
ffltjy iis ill the case of Ijcellea, which possess iilmost unlmiited ecolog¬ 
ical diversity. Including lit torn L aquatiCj subterranean, and arboreal 
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habitats, and parasUic, herbivorous, mid prcdticcoiis habits. The 
study of ecology, ujjon the bitsis of such u unit, may Lc called atjyre^ 
gat^ Still another unit is availahle, bawfl upon the animals 

which live together in a given comhimiLinn of envirotunental enndi- 
tioiiii, ns in a pond, nn the shore of the sea, )n a cave, within the hi alias 
of animals, on the floor of tho forest, or in the tree topa, etc. The 
nnimals found liiing together in stteh conditinns form an anhitul 
awm'iation or a ssocial community, and the study of tlie responses of 
such a community is tlio provinoe of aji»oe!atit>n^l ecology. 

8. THE ASllIAI, ASlSOCLVTlOK. 

In the study of the animul association as a unit, we coiwider it ns 
an agent, whose modes of activity, or responses, are of primary inter- 
eirt, We deBire to know the kinds of animals which compose tbo 
community, the oplimum and limiting iiiflupnces whieb control its 
activity, the diameter of Us responses, and the orderly seiiucnct of 
changes in the environment to which it is responding. 

The maintenanco of nn nssociation dc|>ends ii|>on tlm maintenjincB 
of the iniiividuiil mciidwrs which cttmjjose Jt, jusit as tho tiiaintenamuj 
of the entire animftl depends upon tins activitiisj of the cdls. Tlicre 
is the fiiime basis for speaking of tiio respon-scs of the iL'wociafion aa 
there is for speaking of (he responses of the iodividiioL The asso¬ 
ciation can continue to e.xLst indefinitely only in such environments 
as iHiss4-ss, ill uvailalile fonii, stiUrfimce and energy for its individual 
inejuln'rs, Tlie ai-tivJtics of the individuals traiisforui energy and 
subsUiiw'e. fsjtidiiciiig growth, dovdopment, niuiUpilcatimi, arid l»p- 
havior. The peraistenee of un assiieintion in a given bnbitat brings 
about the fnriLiudDii of certain wasio jiroihicts, which if not chungiMl 
or transformed at a certoin rufe, or tmnsported fr*)m the cnviroti- 
niont in some way, tcnil to Luiiit t]ie optimiuii activity of the indi¬ 
viduals and of the asscxiialioii. In the osaociution, us in tljo Indind- 
ual, there must bo an internal relative bahtm.'e before there c,an Imi 
such a surplus of cneigj- that the association can nidiate or Men 
milw-nnl stress or pressure. An association which is only maintain¬ 
ing itsdf is not. at an nptimmn, for in this latter erudition there ja 
II Kui7>iuj3 of energy, ipid the activity, rate of mujtiplicatjon, and 
favorable development under noniial conditions are favorable to the 
extension of the association. Tlie pressure which such an associatioii 
everts is shown by the progressive extension of sbs ningv* of iiitliicnee. 
By tbo uetlw inovcmenta of the animals, by tbe activity of the en¬ 
vironment, or by Wfb together, they tend to invade other habitats 
(ind Jiit-Iiii. and in such of these as atford favorublo conditions thev 
lend to survive and Mland the area of tlie association From the 
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point of the associntion tls* lichnylor of these active pioneering^ 
anitiinl.s tormijiontl^^ to the trinl HCtivUies in the behavior of the indj- 
vidiml ajiitnaL These aettvities lire not. ilifforenl in kind from those 
which are involved in normal m&inieuanee. Tliey are those which 
form the initia! stages in the establishment and extension of the assn- 
eiar.idn in a iicav ha^ality or the reestnbrishiiicnt in an oM oiks nnd 
thnti h=!ad to a or auceGsusion of ast^kciaLions. Ecological suc¬ 
cession fhns in an orderly *e<juciii!e or .series of tniioeiatJoiLs 

wliicii ih^fiir siiL-tcssivoly and form a genetic sseries. 

1>. ASSOLTATlONAn SUl'iTJlSION, 

A sucecftsion of assncialions takes place eiiher tlirotigh a trans- 
fonniition of ohkr ones* or tiirougli the origin of ii new one on ii 
surface which has been new ly forijud and hns bad no £Kipalation. A 
favorable habitat wiHiont a popnlutidn <if aninmls is aimparable in 
some to a vacniiin; it exists as a condition of nnstalile equi- 

librium which tends to change tcjward a more stable state. Tlio 
lu-tivc life of animals tends to lead them into all poaathio habitats^ 
and where they find the conditionn favcirable for earistence yiey tend 
to surk-ive and thus bring abwit (he establishnumt of an n^oemtion. 
Each iiiiS#K?iat!onj like the individual aniinah has a certain amount of 
nnity and tends to luaintaiii or pcrlH?tuate itself. But the stability of 
flsscHnatio[is is only nslativc, and some are much more stable ihan 
others, Xetnrally the unsbible one*^ ure those which show succession 
mcbii raidily. Thus if we de^ftroy a few trees in a haiJwood forest 
Hfid piv^thice a glade, a large number of the ehnmcteriiitic animals 
of the dense forest will fUsapi^ear and be replaced by animikls whidi 
normally frerjnent open plaot^j tben in a few years sproul-growth 
nnd young and suppressed trees wdll change the conditions so much 
that the kind pf forest animals w^hicb w'L^rc eJiminatcH] for a time 
will begin to return; and when the new growth is replaced by flia 
mature forest the nuimnls of the niuiiire fons^t will return and a new 
equilibritjtn wdll be formed. To Fnich a forested region the glade is 
to be IcMiked upon as an unstable canditiont which througli a sfUcccs- 
Eion of associations tv ill kier arrive at a relatively s^tabk cemditionj 
which is able to iHirfietuate itself indefinitely tinder existing condi¬ 
tions, Such an association h considered a dimax^ or the cubnination 
of ft series of suocessions uiidEr existing condition'?* The succession of 
associalions leading to n climax represents the precc^ of adjustment 
(o the cnnclitioiis of stress^ and the climux repredcnbi a coDditian of 
relative equilibrium* Climax assueicitjons are largo units, and are 
(lie ro^iiUantii of certain climatic, g^'ological. physiographic, and bio¬ 
logical conditions. 
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THK DVNAMK.' HKLATIOSS l llK KXVlItOSJllLVT, 

1. I XTIUlDtrtTrOHT. 

Iii the precetlmg section ivo Imre seen Hint to iindcrstiuiU tiniiuiils 
wo must considGr tiiem jis active living ngeuts which are constantly 
etumging and responding to their cni-iroument. Tliat the environ- 
Jiiuiit of aninmls should also be studied as an actively chmu^hug mr- 
dium Iws not been as dearly recognized by students of plants and ani¬ 
mals as one might anticipate from its importance. .Some students 
feel timt the study and iiiidarstunding of tlie environment is not a 
jiart of zoology, or at least not an essential part, Furtherniore, to 
some of these students at least, the environment seeiiia largely chaotic, 
a confused imwiddly mass with no evident favorable point of attack. 
This view is ijuite natural to those a'ho Imvo had no training and 
practical esporionce in recognizing the “orderly serinenco ’’ or laws of 
environmental changes, and particularly to those who do not fet‘1 
that ciivironnicntal relations are on e^ntiiil part of Uidr subject. 
Ily many such students the environment is vicweil in a manner com- 
parublo to the prevailing chaotic views on weather before meteor¬ 
ology became a science., or on taxonomy before linnceus, or on gcol- 
ogj' before Lyell. Tf one has serions doubts on this point, lie need 
only turn to the standard treatises on zoology’ and search for a com¬ 
prehensive and ailequatc recognition and utilization of (ho orderly 
and ivgulatoiy chanictcr of tho envinmiuent as an ^isentinl part of 
Iho subject. 

TIio fallacy of this posliionhos been well expressed us follows by 
Bnx*ks (ISDD): 

I rttinll (ry to show that life 1« ivtiponse (o ttie onliT of nntnw. • • • 

Hut If It Ihj ndnilEtet). it roUom tluit bloloi:^.' Ik the atuiJy of rrHj^piisp. nail tiint 
Iho stiifly of (hut i>filer of naiure to whleh ni«pniise la niaile te os well wJtlila 
tta provluLV oa the study of the Itvlnj; ntuimlsiii whli.-h rtwtMauht, for alt the 
kiiowkiifiL' wo ewn Bct oflMUit tlanw mqicrut of iiatuif Is ncoled na u |in>iiamtl«>D 
for the aittdj- of that nvtmlmi tR>tVi^<oo tlwm which constltatiis tlfo. 

Later be says; 

Kut If we atop ilH>re. nctik-cthw the relation of the tlvluit bplaj; to its vnvlroa. 
meat, our stiajy hr not bloluzy or Uh* ai-U>nc« of llfr, 

Xo one seems t« have attempted to refute this; naturally an easier 
pat h is followed—to ignore it. Perhaps up to the time of the present 
generation there has been some excuse for tlits ctmfu-^ion; but now the 
responsibility does not rest upon students of the physical and vege 
tational envirciniucnt but upon students of animals, because the 
former students have arranged their scientific data in ii miinner w hich 
dearly shows (he ord^ly lawful sequence of changes in environ¬ 
mental activities. This should form the basis for a study of the 
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eorresjMinding of clitiiigos wlueJi tuko place n'ithin tlie unlmul, 
aiul also l>c tlie basis for a sludy of Lho racipfocul respimscs takiti]^ 
place betiveen tbe auiuial add the envirotuuent. 

la IhLi section an uiitline frill be given of soma of the most impor¬ 
tant plmseaof eni-ironmoxttal cbaiiges in inland areiis viewisi hu htw- 
fiil and orderly, particularly those changes which inllLieiice atiiiiial 
Jiahkats. 

TUB DyN.\.uio and crNKTit- btasopoint. 

Since liVell tangliT tbe scientiric irorhl that a study of processes 
now in o|H^ration is Uie key to an iiiiderstandiug of tlie present as well 
as of llie past, tluv/iretn’*# metbod has liccn slowly but inevitably pene¬ 
trating to the utmost subilivisions of intpiiry, M'illi tlie progressive 
aptireernlion and use of this method its clheiciicy has liccn increased. 
Its progrerNS hasliecu the must rapid where the principles uf its appli- 
eation have been most clearly iiitdersluod. As inrKlels hccouie known 
in each field of work otlivta will dnd the method iiiiich easier to apply, 
and for this reason It is desirable tliat stich examples bceome fnlrlv 
iiitmcrous and widespread. 

In the application of the pnoccjss method to an impcrfeclty mulGr- 
stooil subject, and particnlarly l o a comples one, it is desimhlV to con¬ 
sider the subject as a vnU or entity. This unit may then lie rtganled 
as an agent whoso process of aetivUy is to be studied, for the activity 
of aft agent gives os a process. Thus an organistn, u plant society, or 
an animal corniiiunity is a very coni[)lex unit or agent, w'liich largely 
ihrrpiigh chemicul energy, under conditions of a normal envlconnient, 
rciiiwmls in an orderly seipieiice of changes. Thoenviromiieiit changes, 
the internal conditions of the aiiinml change, and so do the corres^wnd- 
iiig responses on the part of the nnimal. When all of these chaugcw 
lire studied as ord%'rly /wcwswif, we arts able to see the iiih'aiitagu of 
this method of study. It Is desirable to investigate all phtLScs of ani¬ 
mal lUTpomiGs in this maiiUGr, such as growl h, developmont, hennltty, 
etc., in order to dctennino tlie causes atid eutiditions of tlii.<i ordcrlv 
scijuence. As a ru lo our recogit 1 1 ion of 1 he orderltjticqvtenix or 1 aws of 
aclioii Of sucoe^jon ;irect!^ks our knowledge of ihu emuMis and condi¬ 
tions of the fiwjOenre. Tlus order of scqucnco is thus of fiindaraeutal 
Importunco and uiust be mogni/Asl befitre it can bo inve«iignt<?i! or 
explainwl. TliLs nietliod of fittiilyiug flie activity of agcjiTs, the char- 
jK ter of their procosees, constitutes the ilyitnmic standpoint. 

When lliv dynamic relutionsof an agent have been iiivestigatiKl, the 
orderly senuenee of its responfies established, and the causes and con¬ 
ditions Ilf its activity determined, it is then possible to ciplain fully 
I he origin of genesis of its activities. The get^tie method is tlm 
study of origins in termt of the prooe,^^^ i*m yaZir^f, and therefore the 
clasBiacation of facts genetically implies a knowledge of the proo 
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eases involved in their origin. TLero nro chiis many degrees or 
staps in the development of s genctio classiJieation, the first step of 
ivlnch IS to determine the orderly sequence of diaiigcs. lu a certain 
m Its broadest applkotion, Ulc protvss method is universal and 
includes the genetic, but until (heir mutual relations become dearly 
recognized and are generally understood larth should be emphasized, 
rurticiilar attention sliould be called to the fact tlmt the activity 
of an agi.'iit results in a process, and processes give us the Imes of 
chonfjc, JIaiiy processes arc reversible; tLat la, a process may go 
fonv*ird m one direction and then liecome revetswl and proceed in 
I he opfaisite tUrwtiom Other processes are noore versible. an<l oper- 
ate m only one direct ton, Iietngin a sense orthogenelic, as in the later 
stages of die ontogeiictle proresis, 

I.ct us snmniarbe the triain characteristics and principles involved 
m the dynamic and genetic method. They have lieen yell espn^^-d 
Pa iveyrs (lS!»S),)unl for mj- purpose im aritinged as follows: 

of nutumJ pheiio,e.-aa tluw 
* nreail««‘mlV rresenlwt tt» anderJytaz principle of aiasit „„a 

imiir. - * ■ Iitl<-'qt»pte flelKMiw be binwil iliteetly 

' • All pro,lu,tn matt flaH aevuram «pri^ 
nl.^ternv.oMAropcn«*«, • • • 'n,e prianit, ^.rno,,iasa of the • • • 

nmvtto “"I'ner la wlit-a tar«? nfn>aric:i 

rtn inalcrlalit, • Ocnatnictlve aial iit>iftri)ctlvD lUjoncJm 

1 bo roooRiiliseO ooly whoa tbi> plienomona lire mialo the hnnls for tJie Bihoaic 

^►I'vratlre. If wupied trill, protinefe, „i ,,tl. la olos,m«,: 

itia, ntJ uiUM T« roKiinlH na roninitlve or it>tL«trui-UT«L The prtalac‘t'fi Oe- 

porsnl lu in fu. n., 1 . until tin- oaopifr eoiioornod iNwotmt, w tti^ 

* We StvrJ"^’^ ThoomL,.(ir lUia guca on tmlelltafclr. 

.«mlon of ft,r<v amr,ho o*po«arem of 

l» a ecoloalffll 1, JTnire UulLi iT 

uaent ..rh, ih.>aeh a -InaToTr^ tSi " ^ 

“ ~‘:nr zs. 

riKiald Ik* nlmllarij cotwhleml Vot “ k ***^ 

loe work of lakes and oecatia. This liivelves me ireaiiMm of 
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Htruiniilf tm i-iitilU^ * * # ir^^ttiiuuK wf ilw wlU be monJ satlB- 

fiwrtorT In jifoihurlluii as Mio utirk dcn& hy encli of tlie fnrm# of encli of the 
a^^ntrt is i.^x£iKuLuua ^dOct anj ehcialeal priiidi^ti's tii tho terms of 

eriiTey. 

Viewer] from thb stflinipoint It is roaipirkciL>Ie many of our 
ciimnt sscxjJogjcal conceptiorii are essentially static mid how^ con¬ 
fused are our conceptiom^ of the prooesa mctlvod. Physiology Is 
supimscd to be devoted sokly to processtai, yet phyakjlogifdii iLse the 
terms anaiioiiJiim nuil katatsolfein, coii$tructivo and Llestrudtive in¬ 
fluences, ami, likc’ft iso, zoologists frequently use tlie espcesi^rilons ihe 
friendsor “ilie enemies” of aninULk—a dual tetminofe^x' which 
has a ecuHain utility but which exists mainly on account of the static 
ctmecplioiis of organic rehitious. 

The dynamic or procc^ concept is a difficult one ia attain, and to 
apply in all caacs, as any one will soon learn if he strives to do this 
consistently; and yet ns a scientifle ideal there Cfin bo no doubt that it. 
has the ?^amc superiority over the older static methods and point of 
view tlittt an esplanation hits over an empirical descriptiom 

3. nvXAMIC AND GKNETlt: CX^ISSIFICATIOX Of KNV tJlON 

In the natnrdl history scicnciis we have two Tmdn sorts of rim^sifl- 
cations of pheniJiueTifl, those which call “naluriiP" and those 
w hich we call artificiaL” ^atiind daesificaticins are fhoec in which 
the bnsal crirerin arc of the TnctUod of processes or genesis. 

A dasHifixation of lakes upon tha ba^ of the procf^fs ^rhtch 
opt^rai^d in ihetr orfpf/i-^rt(Stal movements of the ciirtlu the mean¬ 
ders of etreanwt the tvork of an ice slieet, volcanic activity, etc.— 
would at the siame tune fumlsh iin B^ptanuf hn of ffirm hi of 

fA^r/r oriffin^ Ariilicial rlaSN’ilicittifuxs uitj those iu which the erilcriii 
arc firhitrurily rhuseii. Any chnracliT may Inb made I lie hasis for an 
art i fie ill I clni^ificatifm. Tims Jukes may claB?aKciI ijijou the Imsis of 
their size, ckptlh color of the water, distance fnuii citica* Tnimtmr of 
!>oaLs upon them, etc,, but tuieli rloBsificaHon w*ouId not furnish the 
ki^is for a ^oientlf^ of The artificial h often UBe- 

fill or convenient for a Special purpose j the genetic is illiiinhuiting 
from the standpoint of tiiferprei^ioTK Tins method may he 

iipplk^d to any kind of environment, physical, physical and biological 
combined, or sfdely hiologEcitL To the degree tbai the environment Is 
dominnted by the pliyslcal conditions the laws of phyrieat ehangn 
jtnd physical genesis will preponderate in the origin of such environ- 
mchtri, and corresjxmding relations apply to biological cnviroumeDts, 

The dependericB of the genelic mcihod upon canses and conditions 
mokcfj it iinpossiblB to divorce il {mm ihr liK-id conditions, Thk is 
at once the strength and wcakneas of this method^ for it is particular, 
and genemlir^d avpTTigps* menu little lieoaiipe origins are different im* 
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dcr (liffer€nt conditions; this is tb© key to indtuuiutHUy, Thus streamK 
viewed ns stngcs in tlie progre^ve transfoimstion of n liquid ma- 
diiun for life, may be formed in many direnie ways, and for this 
reason the genera] prindplea of die method of genesis may be ex¬ 
pressed most simply in an idetU case^ Genetic series are unending, 
they extend into the past and will continue in the future. The point 
of departure for study must therefore be arbitrarily chosen, and the 
more nearly a natural basis can be approximated the simpler its ap¬ 
plication becomes. For this reason a cycle will bo followed hero 
which begins w ith a condition of stress^ advances through the groew 
of adjuttiment to and readies a condithu of relative eqmlth' 

rmm. The starting point in such a cycle we will consider ils tho 
original rondUiono. and the later nctivil tes as the derived ones. The 
original oouditions we will usaiuuc to be an uplifted unduiatiug plain, 
composed of relatively homogeneous materials, in a humid climate, 
and covered by a varied vegetation, including trees. The elevated 
condition of the land produces a condition of iauft<d>le OfttUibrium 
or «t7V98 for the rain falling upon its surface; and, furthermore, the' 
vegetation will tend to spixuid over tho entire surface and thus exert 
a certain pressure also. These original condiriou-t, are, therefore, 
unstable and destined to change, and miitnoUy to influence and 
regulate one another. 

If we now imagine tlic rain «turned on ” under such conditions, 
what are the main prrx'csses which will otwmte? The rain falling in 
a depression will he supplementeil by that which drains from the ele¬ 
vations; thus, through the a§€nry of running water a standing-water 
habitat will have its origin. "With this concentration of water will 
come also o burden of debris from the upland; and in thi? way the 
**constructive*’ and “destructive” processes wfll begin at tho‘s«ime 
tune. Plants will invade smeh a depression and add their remains. 
Some of the depreH^iom; w'ill overflow and tho outflowing streams wdll 
cut dowm the outlet to progressively lower levels and ultimately drain 
the basin. On the other hand, inwash and organic debris may to¬ 
gether accumulate nt such a rate ns to raise the level of the iiasin 
^ve ground water and thus traiteforni the conditions to that of land. 
The progresMve stages of the protest of degradation thus favor the 
transfotniAtion of the dep^ion and a progr^ive formation of 
lakes, which are converted into ponds and swamps, and ultimately, 
wi^ drainage, to dry land. For depressions we thus get a generic 
Mrtea which we may call the lake, pond, and swamp series. This 
does not classify the depression series according to size, depth, char- 
arier of winter, etc., os in an artifleial clssssiflcation, but in the ordor 

4 ^ ff . through tho agoncy of running water. 

Accompunymg this seguenoe there are of course changes in size, 
depth, etc., but these are subordinateti in the classification to the 
<®isa*—eif 1017-35 
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drPcJepmental wquence ceuiPrmg ahmt the proc&t$ of the degrtuda- 
ti&n of the lend btf the affenc^ of T-arminq ‘usater. Tbis is thcrofore ti 
I'lsssificHtJon of environroents, not on tins basis of the product, ns it 
might &p[)cur frt«ii culling it a depression or stJinding-water series, 
but upon the hitti* of (he activity or proceeme of the domhoani etyent. 

We will nssume that all the lakes, ponds, and swamps, dtie to the 
Original relief of the land, beootno drained and constmctively colt* 
Verted luto sLreuins or dry land. Let tis consider the streams, particu¬ 
larly those which did not develop from the Like, pond, and swamp 
scries, in order to consider them in their simpler conditions of 
develupiiient. 

The fitst shower oti the new land surface, or the beginning of a 
cycle, forms an extensive ramification of small streamlets, their den¬ 
dritic hrunchoB fiotviog down all slopes. With the coutluenco of the 
smoller brunches llie progressively larger trunks are formed, arnl 
with their increase in volume, cutting progresses; but all tmeea of 
this stream itself tend to vanish soon after the shower is over, al¬ 
though some water nmy linger in pools in the dee|;>er depressions. 
These conditions form an Mdiol tttayo in the development of the 
activity of running water as an animal Imbitat, These temporary 
streams are rain waters iuterminglGd with dust from the air and soli 
from the ground. Since, viewed chemically, such waters have not 
existed as a liquid long enough to dissolve much gaseous and mlid 
material, they represent a relatively original condition, or an initial 
stage in the chemical development of the stream as a medium for 
living animals. Again and again tliese showers are repeated, and 
where there is a alight variation in the hardness of the substratum 
small pools are formed on the softer materiaU;, where eroaion is more 
rapid. In these pools it is possible for some aquatic or amphibious 
animals, of marhed powers of diaper^], to become lodged, or even 
entrepped, as in the case of atiimais which migrate up the stream 
dnring its temporary flow; such pools, in fact, may So reached even 
by individtinls from the ground water. 

finally these tempor&ry streams cut down to the ground-water 
level and hecoiiie i»ermaiient. Such a stream then, in addition to the 
fresh rain water which it receives with each shower, has a jwrma- 
nont supply of ground water. This water, having filtered through 
the soil, contaimi both gas, particularly COj, and minerals, and thus 
as H solution differs much from rain water. The compeeition of 
ground water varies much with the chemical differences of the sub- 
stratuiii. Such water generally contains enough substance in solu¬ 
tion to ha a favorable medium for plant growth, such as algw*— 
aquatic pioneers which ar© comparahle to the lichens in tlielr in¬ 
vasion upon bare rock. But the temporary* ffow of water b still 
dominant, and will remain so until the supply of permanent ground 
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water is of such a volume that^ having a. good current, it rushes over 
the obstfveiess in ita path; then a permanent brook has liecn ovolveil^ 
and ft pertnanent rap id-water hnbhat has ndginated. 

As the eix)sion of the stream advances, organic debris not onljr 
multiplies hidigenously in the water, but it is washed and blown 
in, and through its decay the composition of the water is changed, 
particularly in the amount of CO^ present. This gas causes the 
water to take into elution a greater amount of luue; find at the same 
time the agitation to which it is subjected wdiilc dashing over ob' 
stftcles or flowing over falls increases the amount of oxygen present, 
a process further aided by the oxygen set free in it by w^ater plants. 
Car^ionic acid, moreover, is set free by the rapids and falls. It is 
thus very evident that the chemical processes are undergoing tm 
important development as the stream progresses, since there are 
going on lx)t!i the process of gaseous cquilibriuni with the air, and 
an increase of Lho solids in elution. Tlie stream is progrcst^ivcly 
Iwcomitig a more favorable or enriched culture medium for organ¬ 
isms. Tlie rapidly flowing water which characterises the brook is 
the predominant physical featura of this environment, the stretches 
of relatively quiet water which form the P<kj1s^ between the 
mono rapidly ttoiving parts, anticipating the kind of conditions 
which are destined to increase with the transfomiatlfin of the brrM^ik 
conditions into lhot§e of a creek With the progress of development 
in drainage a brook i? progressiveiy tninsfomietl by tlie proce:^^ 
of erosion into tii creek. Here the rapid-w^ater conditions are more 
nearly et|Ua!e<l by a correapouding enlargement of the pool or the 
quieter stretches of water, where the finer sediments are deposited 
and the animals dwelling on the surface film or in Ute mud and 
sand, find suitable conditions. The falls and mpids which chamc- 
terisce the brook are exceptional in the crack but may linger where 
the rate of change been very slow on account of the resistance 
of the substratum. The alternation of rapid and slower water, 
which cbaracterisses the erwk stage, with the preponderance of tho 
relatively rapidly flowing water, is gradually tmtisformed into that 
of a river, where the water flows at a slower rate and rapids and 
fajb have as a mle become extinct, and where a condition of relative 
chemical equilibrium has also bocn reached Here the burden of 
coarse debris is at a minimum, and the surface, sides, and bottom 
of the stream have become differentiated as relatively distinct hab¬ 
itats. With progressive approach toward base level nil conditions 
of the environment tend to become more stable and eqtialbted until 
the stream erodes to tide level, becomes brackish and finally as salt 
as the sea itself, and reaches an equiiihriiim determined by the dom¬ 
inant animal envirenment upon the earth—that of the 
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\\'o bsve novr* outlined the developmental sequence of wet de]>res- 
siojts, tiie ]eke-pond-swamp series, end the running water, the hrouk- 
crcck-river aeries, these two series indudiog the mam inland animal 
envirouinents in a liquid metliiim in a humid climate. We have yet 
to consider the animal environments of land anUnals proper, those 
wdiich live in the gaseous medium of nir. The complexity of condi¬ 
tions upon land is nine!) greater than that in water, cither fresh or 
^alU In other worda the land habitats are the most complex on earth. 
For simplicity in handling this involved problem, an ideal scries will 
also be followed, and instead of attempting to discuss all the prin¬ 
ciples involved, only such will be mentioned ns may be illustrate bv 
a single example. This will serve to show* the application of Qie 
method. We shall cimaider the process of degradation of the land, 
such tie might be developed during a topographic cycle of eroeion. 
and as ap{i1i(><] to it snowcapped conical mountain in it tem[>erjite 
humid region. 

l*t us consider the series of prooei^ses which openite upon such a 
mountain. Tlie snow and min which fall up<in it are in unstable equi¬ 
librium, the snow creeps or plunges down the slojies^ and the water 
flows down. In the zone of ice and snow physical and mechanical 
changes [irepondemtc; but at lower altitudes, with the melting of the 
snow and ice. on account of the higher tempenitiire. cbemtCAl changes 
become more prominent and supplement the mcchiiiiical work of run¬ 
ning water. Here,also, plants and animals become an important fac¬ 
tor in modifying tJie proecases of change hy hastening or retarding 
the proces^s of degradation. We thus see that on dilferenit parts of 
a mountain there are important modificBtions in the processes of 
degradation. The same general processes which operate to form 
lakes, ponds, swamps, brooks, creeks, otid riverii, are also at the same 
time producing changes in the land habitats. *I1ie entire surface of 
such a mountain is undergoing change, but because of the conceintra¬ 
tion of degradcitive progress near its iiuee. particularly on account of 
the concentration of the drainage there, rarinea and valleys develop 
here more rapid 1y and converge toward the main divide, the moun¬ 
tain top. As these ravines and valleys enlarge, the moutltain is low¬ 
ered? and ultimately all is reduced to a plain, and to haselevel. The 
condition of stress which existed upon the slopes of such & moimtaia 
as degradation progressed, became relatively adjusted at that place, 
hut where the degraded materials were deposited a stress was bccotn- 
tng cumMlatifF, and it is this ever-chtinging adjustment of stre^jes 
which makes natural processes unending. 

With the degradation of the aionntain, progressively higher zones 
are lowen'd; the snow cap diKappears; the region above the tree 
limit, and later the lower parts, are spread over a large area, and the 
mountainous character is largely gone. In this maimer and at the 
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same dma as the land is degraded to a lowland br running water, in 
the water itself a series of habitats is developing, and thus all ifut 
eni'7mni7ien/ iJt hting format!, ai^^ng ivtiaiii’dy dUHncf hut mw- 
tmJly interdep&ndeni lineg, t^usard the tame general direction &r 
condition —a reJativo eqnilibriimi rGsoIting from the itulancing of all 
slre^ises near sea level. 

In the preceding disenssion no emphasis has been placed on the fact 
that degradation of the hind is only a part of a large eyclo of activ¬ 
ity, and that the (Icposition of the degraded materials may lie a eansa 
of so mueh stress ns to init iate an elevation of the land. I f the hcAvy 
sohihle materiftls from the land are washed into the sea and onlv 
lighter materials reiuatn behind, the increased stress resulting lje- 
tween the jsea and the land will tend to elevate the lighter areas 
nniil an equilibrium is established between tho heavy sea and tlio 
lighter land; therefore, some crustal movements, at least, may be com¬ 
plementary phiiacs of the degradation of the land. Tho elevations 
and depressions of the surface of the land with regard to the sea 
level may thus initiate new cycles of transformation in all environ¬ 
ments. These processes do not need amjJ li ficati on here, al though they 
should bo noted; but this lack of amplification does not implv a minor 
influence of this factor. Still another cycle may bo initiated by the 
processes of vnlcanism, a factor the infliieiicd of which is easily over¬ 
looked in largo parts of tho world but in others is very prominent. 
Only one niora cotoprohensivo physical factor will bo mentioned; 
tliat duo to alterations in the atmosphere—climatic chutigcs. Al¬ 
though the temperate huntid climate has Wn made the basis for the 
preceding discasaion, it iiiiist be reuiembcred not only that there are 
other kinds of climates, but that these undergo transformation or 
changes from such estremes as the cold arctic deseria on the one 
hunci, to the diy hot deserts on the other. Within this great ampli- 
tudo of climatic possibility is found one of the greatest causes both 
of complexity in land environment and of many local differenoes in 
the transfomtation of halutats. 

To simplify this sketch of the operation of tho ph^'sical features of 
the envitoranent the organic factors Jmve been neglected, and these 
shonld now be considered. On account of the ullimate dependence of 
animals for food uimii vegetation, many intimate relations exist be¬ 
tween plants and animals; furthermore, in addition to the food rela¬ 
tions i hero are many €jther important ones, such as tho physical and 
chemical inOiienco of the vegetation upon the soil, its influence upon 
the temperature ^d humidity of the air and on light: and, finuUv, 
there is qualification of these influences by the different kinds of vego- 
tation. A vegetational cover of grass 1ms a very different effect from 
one of shrubs or a forest cover; conifers and hardwood forests differ 
in effect also; and the successioii of plant societies varies, not only with 
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different kinda flf vegetatii^n but also in different climates^ and trith 
diiferent physiograplde conditions^ Cowles (1911) has shown^ 
there ai*e several cvelea or series of successions of vegetation* !hlany 
of these changes arc dependent upon pliysicjil conditions which arc 
equally |>otent in their inOuenuo upon anmui]^ Thus physical and 
vegetationa] rh;uiges in eonibination inffuence animals dinecUy and 
indirectly^ and in the conditions due to this fact we find the basi^ for 
the iniportanl control which vegetation exerts upon animals 

Animals themselves fonii an important part of their own environ¬ 
ment^ not only hi thejr ndution to their own kinds as mates or »s prog¬ 
eny ^ but aho os members of an animal community who$G members 
must adjust Lheir attivitie* to one anotlier througfi symbiotic^ com- 
pctitivct or predatory relations;. If any animal becomes abnormally 
abiindanL that is, more numerous than iLie conditions can support, 
thl^ number in itself beeumes a wcaknesa, through the positive attrac¬ 
tion of the org^inisuLB (plant and animoJ) which arc able to prey upon 
it, and J^oon the normal abundance is restored. Kor example, in a 
oonlferoiis forest, bii.rk beetles {Sc^lytidcf^u) may incrcasc> to such an 
extent that the forest is largely destroyed* and a succession is pro¬ 
duced in the. vegetation as the conifers nm replaced by a growth of 
aspen and birch. As [i result of this destruction of the kind of food 
and habitat es.^n(bl for the next generation of bceticsit a proper 
habitat h Incking, and the restoration of the normal number of 
beetles is ha^ened. Ttiia same example also shows liow ono kind of 
aninud may induence the cliaracter of a whole community by its 
eontrol over the vegetation. 

The influencxs of man must be looked on from tlm smue standpoint 
oa one view^ the activity of any other animal; as that of a member of 
an animal coiiiD^unity, lie hastens and retards the changes in bis 
environment as do other nninmls. In general bis early mcthCMis are 
predatory; he rt^aps where ho does not bow: but later the milder 
competitive isnd symbiotic relations and the con^stmetive or prodaO' 
tive aspect become more prominenL Civilization is an attempt to 
make tbo environment “to order,but ss yet man has not learned 
how lo prrjduw- a peniianent “optimum” along the lines of an eco¬ 
logical CH>iiuuimity. As hits iJrt^ady been said, to understand man 
we Ktmiibl view' lutn as mi integral part of an ecological cominunity, 
a3 one iiiemlier c^f a biotic community of plants and aniuials, or jit 
least of an animal ccanmunity which includes all animals that aro 
influenced by niftn—and not cimaider bimj as some students do, ns a 
distinct entity with little it^rd to his aninml and plant nsi^ociates, 

Tliu main features of the preceding discuision may be summarized 
os m the following table; 
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TABii 2-—The ffcnc^ and fomtatiom of inland haMut$ in a oUmale and 

th<- djr^amic tfflfiri of fhr pfoocuo^r 


DynaoiiextKtiu. 


I ITehUbJiI# #iu4lll>fiiiffl^-«indJilDfi 
fif piru cif jineDiirm 


|B tamnlkm f?f inlaiwi 


Ori^imX wifetfiMfPV ^amlM lanJ »™+ or taM < 

b^^buOl^ Cl£ EUrV 


11^ of bd|uplra>Ptl to 


l^wcBsa Ar/tiflM/b« dt habliUK pUlAbIt* P»»u<rikflft. 



The prcceiling discufision is besed upou the conditions of a humid 
climate, but the semiurid and the arid climates should also be touched 
on. In time, as ecological studies are extended to nil kinds of land 
areas, it will bo possible to lonnulate all of the genera) principles of 
the origin or process of development of land habitats; but at present 
vast areas of the land liave never lieen observed by a zoologua from a 
modern ecological standpoint. Most of the ecolo^cal studies of ani* 
maU have been carried on in a humid climate, only alight atterdion 
having been given to the ecological relations existing in an arid cli¬ 
mate, and still leas to Uiose in alpine and polar regions. After the 
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hiiuiitl regions Imve been better studied, the arid region^ will probably 
be the nest to be cniTefully mvestigated- The plant ecologists, hy their 
studies intliese rcgiona. have already furnished impurtaut fiictsp pre¬ 
paring the way for the aiijmal ecoiogist, bwause they have investi¬ 
gated both the physical and vrgetational conditions u[:K»n the prairies 
and plains of the West* If the regions of progressively increasing 
aridity are exaniined, there will be futmd to l>e n corresponding miies 
of changes in the iLnlnml habitais. The Ktandiiig-water series of 
Imbiiats found m such a scries^ in contract witli those qf hundd re¬ 
gions with fresh-water lakes, {>nnd!^ atid ifw amps in uddUion to tlie 
temporary fresh waters, are alkaline and salt waters, and we find 
an as: tensive senes ranging froju Great Salt Lake, Sal ton Sea, and 
DeviTs Lake, to strong briny pools and alkaline mud Hots. These 
are, of course, as capable of a genetic trcauiient as are the corre¬ 
sponding fresh-water bodies of humid areaH* The stream sexies is 
also present in the arid region, but it exists under conditions quite 
ilifFerent from tho^so in htindd ureas. The tlirough-flowing streajnis 
are independent of local conditions lascanse their mam sup¬ 

ply of water is from the mountain ^ bnt they are nevertheless much 
modified by tho chanicter mid luiiourit of the burden which they carry 
during tho time of high water, and they tend to become clogged at 
low-water stages, Tlie chemical cfuiiposition of sncli waters is quite 
cliffereut from that of regiona continually leached by rains. The 
fiuuill streams flowing from the mountjuns, w hose diminishing volume 
does not allow them to traverse the arid regions;, sucemub, and disap¬ 
pear in the dry earih^cxnmples of a socond degree of dominance of 
the desert or plaim^ But the truly charneteristic streams of the arid 
regions are those prlnmfily dependent upon the desert conditions^ 
Such streams nre well within the arid regions and are dominated 
wholly by them* They are solely of n tCjJii.Jorary character, and cor- 
respond to the iiLiUul stage of stream development, the temporary 
stream, in a hiunid dmiate. In an arid climate, however, develojv 
ment does nut proceed beyond this early stage, and the degradotion 
and baise-leveliiig of the land U due to the combined Lnflucnce of 
w atcr and the w^iutL 

On liind the movements of tho soil by (he wind, as in the sand- 
dune regiooa of true dcfacrts, sliow us a eliareirteristic condition; in a 
more humid cl in i ate, liowever, tlie dunes would tend to becoiiie 
HJiehomi by vegetation* Other soils than sand are also blown about. 
The extreme of dry desert, conditions must bo lookeci upon as tho 
ultimate or climax conditinn, a ctmdition of relative equilibrium, 
under present climatic conditions, for certain regions, A slight 
departure from those extreme conditions is seen in such locfilities as 
receive most nbuiidaut ahowore during Ihn growing treason for vege¬ 
tation. Tlicse are able to influence the devdopnient of the dreituige 
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only in a minor way, but they moisten a shallow surface layer of soil 
and permit the growth of short grasses, sudi as the buffalo-gra^ 
(Schantx^ 1011^40). T&tt recently another important source of 
water in the arid iiegions Ima come to be recognized. This, JtcGeo Iiaa 
shown to be the subsurface or artesian waters which come up from 
below I aod this is an iniportant supplementnTy source of moisture in 
extensive areas in the arid West (^icGce* 1913), where the evapora¬ 
tion is large. It is not unlikely that even in liumUl regions where the 
^ils are very sandy, as upon the Coast a! Plain, and where the strata 
dip in sucli a uianner as io favor an underflow of water, this supply 
may be of considerable importance to the biota. Wilh a greater 
rainfall during the growing season, i>emiiuing a relative humidity 
greater than on the Hliort-grass area of the plains^ a dt_*eper-rootcd 
vegetiitional cover gives us the long prairie grasses of the eastern 
prairie* 

Ah soon as the physical conditions permit a growth of vegetation 
thSa material becomes an environmental factor which reflexly modifies 
the ph 3 'sieal conditions of the air, tlm soil, and the animal habitat. 
This is shown to a marked degree in t!ie humid area of tho southeast- 
cm ITnitoiT States, where the rain fall, greater thati that on the arid 
plains and prairies, favors iho development of a forest cover. Such 
a forest not oidj' tends to retard evaporation but also nets as a sponge, 
and by its vegetable debris and loose soil retarils the run-off. In this 
manner nut only are land habitats influenced but ihh conservation of 
-moisture tends to prolong the durntion of temporary streams and to 
stabilize the flow of permanent oftes: and, fttrther, through the same 
influence the ground-water level declines slowly, and bmlics of stand¬ 
ing water are also influenced. Thus all the more irnporiant habitats 
are to soma degree regidated and made more stable by a foresst coven 
The foregoing discussion and examples, selected from the activltiess 
of animals and changes In their environments, are varied enough to 
show how diverse are the appUiiiiatioiiB of the process method to inves¬ 
tigation. The general idea b easily grasped, but to make the dynamic 
method a regulnr habitual procedure in investigation is truly difilcult, 
so difficult, indeed, that there Is reasonable ground for doubting if 
this method can be mastered without a practical application of it to 
n concrete protdeni, nt the ^tne time giving special attention to the 
method of procedure. 
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TllE NATION ^VL 200TJ3 GIC^Uj PABK: A POPTJL.AR 
ACCOUNT OF ITS COLLECTIONS. 


Bf N. HoiuaTHt. 


[With rlB 

The Xatioiial Zoological Park^ in the city of Wa^Jiington, was 
established by an act of Congress approved April 30, ISM, “ for the 
nilvaiicenient of E?cieiice and tlio iastmction anil recreation of the 
peoplcj^ and was placed under the directioa of the STiiitlisonian 
Inatitution, Some ciiftnges have been made in the original boundary 
line, and the area now included within the park cotnprtses ICO acres. 
The park is located in Itock Creek Yallcy, a district admirably and 
pecnliarly snitetJ for the purposes for which it was selected. 

At tliQ liiiic of ihi estahlishmonl the park was some distance from 
the city proper, but now it is well within the residenlial district of 
northwW \VaHhitigton, almosft surroimded by dwellings, and la easily 
accessible from the heart of tlio city. No more heautihil site for a 
zoological park could be desired^ and witlun the fences of thi-S pic- 
tures<iue tract may bo found conditions suitable for many of the 
forms of animal life* Tlic borders of tho Talky are heavily wooded, 
and tho vcguttition in summer almost entirely shuts off th^ view of 
the surrounding country. Tho moro open hills and rolling slopes 
of tlie interior, where most of the esdiiUitlon buildings are placed, 
arc covered with firm sod and excellent lawns, and winding througli 
(ho length of the valley is pictur^que Jtook Cnoek, an aflluont of the 
Potomac Eiver* Systems of automobile roada and hridJo paths are 
maintained througliout tlio park and walks traverse it^ moat fre- 
(|uented parts. 

A collection of about 1,400 living animals is, of course, the featui** 
of the park. Then.'^ ai'c nutucroiiii paddocks and ranges for buffalo, 
deer, and oUier large mainmak; lakes and p<x}ls for winter fowl, 
seals, beavers, tind other aquatic species ^ outdoor cages, some of largo 
size, for hardy birds and mammals; and houses and shelters for 
species requiring special care or heated quarters during the wdnteif 
months. The lion house, near the center of the collection, is at the 
summit of what is generally known os ^^lion house hill.^^ In this 
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building tire meet of the ktgier cats» the liyenHs, tlio liippopotatquses, 
and soma tropical mflimnala;. Here also aro most of the reptiles. 
Near by are the nionltey house and the bird house, and to the north 
the antelope house, elephant house, and }!ebra house. Outdoor yards 
and cages are plac^ throughout tiie park In situations favorable to 
the comfort and health of the various species exhibited, 

The interest .of the public in the National Zoological Park is 
attested by the number of visitors. In 191C and in 1917 tbe attend¬ 
ance was Over *1,000,000 each year, with a daily average of over 
3,000 visitors; and in 1018 a total number of l,fl93,227 people were 
admitted to iho grounds, a daily average of 4,305, Allbnugh tho 
Sunday and hoUduy crowds are largely coinixised of residents of tlio 
District of Cohimbin and near-by States, tlie week-dny attendance is 
in a large measure made up of visitors from the couiiLrv at laige. A 
largo sbura of tbo enormous number of tnnrlBbs to 'Wasliingtgn visit 
the Zoo and tbe sigbt-sceing cal's now regularly include the park in 
tbeir itineraries, ifany people nre attracted to tbo park on nccoimt 
of its walks and drives, and ns the entire area 1$ a carefully protected 
sanctuary for wild birds and flowers many nature classes from the 
schools visit it on their £eM excureions. 

Tlie grounds and buildings are open each day in tho year, and 
aduilssion is always without charge. 


iLVARlAT^S. 


The mammals (class Mammalia) oompriso those crcattiros com- 
tnoiily known as “animals.'* Tliey are usually distinguishable from 
other vertebrates by numerous well-known superdcial characters and 
are briefly defined technically as wartn-bloodod vertebrates with 
hair,* and witli glands in the female for the swretioii of milk for 
the nourisliment of the young. Mammals olTcr n great range of 
variety in si!-.®, general appearance, and mode of life. The elephant, 
whale, mouse, slirew, and bat include examples showing extremes 
in bulk and liabit. Tlie vast majority of the mammals usually ex- 
hibUed in zoological gardens belong to tiie subdivisions of tho 
class known os tho ungulates (hoofed mammals), primates (apes, 
monkeys, and lemurs), rodents (gnawing mammals), ramivores 
(flesh-toters), and raarsiipiale (pouched mammals). Tn the National 
JIoolcigu.’al Park good collections of numerous species of these groups 
of mammals may bo fseen and studied to advantage. A few repre¬ 
sentatives of another group, tiie Edentata, which incliides the sloths^ 
anteators, and ortnaditlos, are also shown. 


'“Ts dcdlN' m Ruiiiiiual u & vfrlsL(«ie w],h hilr wonld b# &n vDllrolj <.^c1a«{TG a»a- 
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IfATIONAL ZOOLOGICAL PAllK—UOLUSTfiR. 

the iraiOULATKS, Ott HCM>PED MAHMALS. 

Moclem systematic nmminalogists divide tUe existing “hoofed 
enimels*' into four orders—the Proboscidea (elephants), llyracoidcu 
{hyraxee) . Perissodactyk (horses, tapirs, and rhmoceixrees), to 
Artiodactyla (rattle, sheep, antelopes, deer, camel% swine, and hip- 
popotauiuscs). The Periflsodactyla ate ^Ued the odd*t^ 

lates. twid usually have an unevetx numhor of toes; as the 
horse with one fimctionnl toe, and to rhino^os with toec. Iho 
main asia of the foot paescs through the third digit, Tli© tapira, 
ttlthoudi liavipg four toes ou tbe fore Uuib, linvc only three be- 
liind. The Artiodactyla are Imow'a as “even-toed” ungulato anti 
have cither two or four toes on each foot. Those include the tnie 

“cloven hoofed'* animals, , - , 

The ungulates are important and popular mommols in zoological 
parks and are peculiarly suitable for exhibition purpo^ because 
tuany species can te shown in open yards or jiaddocks which sprox- 
iniate in many iustanoes the natural surroundings luhabited ^ the 
animals. Xo W than Sd species are usually town in tl^ Xatioual 
Zoological Park, many of which arc represented by small breeding 
herds. 

THE aj?rilASTS. 


There are many points of difference between tbe Indian elephant 
(Et^phff* tnarimm) and the African elephant {Loxodontaafn^}, 
but the most conspicuous maik to separate them is die considereble 
diversity in the size and shape of tlic ear, that of the African elephant 
being much larger than the ear of the Asiatic species. Both lands 
are divisible into a number of forms, no lees than 11 siibsp^ies of 
the African elephant having been recognized by one attthonty. 
African elophanui attain a greater bulk than their Asiatic kindred, 
but axe not commonly seen in shows or parks, almost all to elephant# 
exhibited in circuses being of the Indian species. 

PerhaiMi no single animal in the park was better known to the 
people of the vicinity of Washington Ilian “Dunk,** on Indian ele¬ 
phant. Hundreds of the prerent day business and professional men 
of to Distriet knew “Dunk” when they were children. He was tho 
first animal to bo placed in the Zoolo/pcal Park when tho present 
site was occupied, and was a gift from James E. Cooper, to pro¬ 
prietor of the Adam Porepaugh Shows, April 30,1891. He was then 
about. 25 years old, and he lived to im age of over SO years. 

The Utde African elephant now on exhibition in the pork was 
iirotighi froni the Government Zoological Garden at Giza, Egypt, 
by bead keeper BJackburne m 1913. At to time of her arrival to 
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Tveighed 875 pounds pnci ruea^r^ only 4 3 indicis in height at 

tJic .shoulder- Shif is known as “ Jumhins.” She was captured in 
the region of the Bliia Nilo and is of the geographical race known 
aa the jibyssinian elephant {Lo;^$cd&fiia africana. . In “ Jum- 

|jina’'s^* hottsfi will lie seen a picture of the famous African elephant 
*■ JumlXJ," probahly the largest elephant ever shown in captiTitj^ and 
a representative of this same Abyssmian race. Xear the picture is 
n jiuirkcd polo which shows graphically the great height of that 
ciiotmous dephant—nearly 11 feet at the shoulder* There a re, how¬ 
ever, RiiUicntic records of wild j:lfrkaii elcphtiiits of greater size tliau 
Jiijti1k>; tlio highesi reliable record is of one which nieasnreJ 11 feet 
G| inches. 

Ttmk^ of female elephants are much Koialler and more slender 
than thc^ of males, but soiiicumes grow to a great lengtln In the 
Natioua] Mtmeiim is n pair of tusks from a female collected by Mr- 
Ihiul J- Rainey near Mount hfai^bit, British. Kast Africa, oim of 
w'hich laiea-sures 5 feet 10 inches in length, and is suppased to be tho 
record feiiiale tusk- 

The lusks of elephants are the incisor teeth and arc the chief 
KDiirco of cojiiotercial ivory. Some of the exiinet elephants, us the 
mastodon, had tusks in the lower as well as the upi>er jaws, A single 
tusk of an East A frican hull elephant has been known to weigh 235 
frounds, hut Ibis of course is far in exc^ of the normal weight even 
for LI large animal- Heller says tlie average tusk weight today for 
old wild bull clejihants is not more than 40 pounds for each tusk- 
but before tlie biggest ttial&s were shot oil by the pn>fessional ivory 
hunters the average w'as prol^bly about 80 pounds. Tho female tusk 
mentioned above as of extraordinaiy length weighs only 28 pounds. 

THE TAPrilS. 

Two pairs of the Brazilian tapir (^Tapirtat UmMris) are living 
in the Zoologii-al Park under very dilFerent conditions. One pair, 
quartered near the elephants in outdoor yards w ith w aim but unhented 
shelter, have withtilooil the winter weattier of Washington since 101L 
These ntiimals came from the Zoological tJurdens at Buenos Aires 
when alioiit 2 years of Hge, They appear quite unmindful of tho 
cold and are in piu feet i^mdition. It is not at all unusual in winter 
to flee them out enjoying themselves in the snow when other animals, 
even those frcjm temperutc or colder climates, have retimi to their 
sheltersL The otlier pair* wdth quarters in the lion house, haA^e been 
much longer in the pork—the riiale Einco 1899- This pair ha^ been 
of more than u^al interest to vigitora and to the management of 
the park for they have reared *no leas than nine young since 1903. 
Their progeny now live in zoological gardens in several American 
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cities. The record of births from thU pair is as follows: Maj 15> 
IWSj male; NoTember 7,1604. female? June 27, 1906, rnalef October 
la, 1907, male; February 28,1900, male; July U, 1911, female; May 
24, 1913^ male; August 4,1915, male; February 1918, female. 

Young tapirs are pretty little creatures with stripes and spots of 
yellowisii white which gradually disappear during tlw first eight 
raoirtlis after birth. 

Other specify of tapLr ai^ fpimd in the fpresets of western South 
A n iftrim^ in Certt-tnl Aniericfty and in thft ilalay region- The Kra- 
zilian ^cies is especially fond of water and si>ends much of its 
time in marshy places. 

TIIE IlOMSfi A:?iD UU KlNOlim. 

Tiie horse familY is represented in the park by the wild Mongolian 
apecies pr^ewal^Mi) called Przcwalski'B horse, and two 

species of zebra. Thera are also intetesting hvbcitls between I ha 
zebra and horse, and the ssebra and 

The IVstewalsld-s horse is the only living species of truly wild hors^ 
It Liihahits the Gobi Desert region of central Asia where living speci¬ 
mens wens captured by an ex|M;Jition organized by Hagenbcck in 
lyOO. The descendants of tliis stock o.rs now ecdiibited in ?.o«jlogieal 
gardens in. msmy parts of tho world. In his long shaggy winter c^t 
this horse is a creature of striking appearance. On the outlying 
holders of the Gobi inany of tho horses owned by tlie Kirghiz tnbea 
are apparent!}' iniiod with tho blood of w^Ud stock. 

Tlie spocltiicn of tlio oonimon East African zebra {Equu$ lurcheUi 
was brought from Jfairohlj British East Africa, in 1009 by 
Mr- A. B* Baker. He was then a young animal about 18 months oltL 
Zebras are found over much of southern and ©astern Africa and in 
certain localities are very abundant* living in great herds and min¬ 
gling freely with various species of antelopes and other gotne- Tliey 
arc much preyed upon by the lion and are a favorite food of the 
natives. 

Gre^'j’s zebra a (Mnsidersbly larger and more 

closely kripcd species than the common zebra, is confined to the more 
arid parts of northeastern Africa, especially Abysiiniaj Somaliland, 
and northern British East Africa* It has a iniich longer and ntir- 
row'or hea<l than the cominou zebra and is a mcire handsome animal. 
The two males in the park weigh 850 and 880 pounds. Tlie first 
specimen to reach tho pork was presented to President Boosevelt by 
Emperor McncUk of Abyssinia in 1604. 

Experiments in breeding the Gravy's zebra with the horse and ^39 
have been conducted by the United States Department of Agricul- 
lurev Fine examples of each of these interesting crosses have been 
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deposited ia tLo park by the department. TUe ^ebra-horae hybrid, 
“Juno” ia nn especially boaniiful anmial. This cross effected 
by aieans of artiEciAl iniprcgiiifltion. 

THE iiiPPCiPOTAaJTra. 

Eemains of fo^il hippopotamus!^ are found m various parte of 
Asia and Europe, even in EngLindj but the existing species are oon- 
fined to Africa- In addition to the several geogr^phie i^ces of the 
domjaoiL species {Hippopotamus amphibim)^ a smaller laud, the 
pigmy hippo, is knowtu This latter is confined to western Africa 
and is very nire in collections* Hippos are essentially aquatic ani¬ 
mals and swim with ease. It is said that they remain beneath the 
surface of the water for so long a lime as 10 minutes. On several 
occasions tlio introduction of the hippoiwtemus into the rivers and 
lakes of tlie soiiihem Utiiled States has been isdvocatcd with tlie ex- 
pcctetlon that the animal would sucoessfully rid die waters of con¬ 
gested aquatic vegotatiom lu view of the seridiis depredations upon 
planters’ crops which might well be e^poctedr the advhij^bility of such 
on e^jfcrituent is qu^tionable* 

Of the hippos living in the park, the female and older animal wa3 
obtained from British East Africa m She waa Iheu abont 2 

years old and weighed BOff pounds. She has grown greatly since 
her arrival emd now wdgli^ about 3,500 pounds. She is gentle and 
loves attention from her keepers. The male hippo come from Ger¬ 
man East Africa in 1914 and is a much less perfectly tempered ani¬ 
mal, He is active and remarkably agile for a beast of his great 
bulk and can turn and charge with great speed. A young male was 
bom in the park May 23, 1917* He weiglied about 45 pounds and 
was an expert swimmer at birth* The hippos are quartenid in the 
Uon house^ where they have access in summer to Iai‘ge outdoor yards 
and a tank. In winter they are fumiidied with heated water for 
their bath and frequently cause great commotion by their vigorous 
splashing* 

Traveling menageries usually advertise the hippo as (he mighty 
“ blood-sweating behemotb,” The blood sweat ” is a curious col¬ 
ored Bccretion of the skin* Beddard thinks the description of the 
“ behemoth ” of Job much more suggestive of tlie elephant than of 
the hippopotamus. 

THE WtXjy SWINE, 

The wild boar of Europe typifies the family of swincp 

It is presumably the ancestral form of the domestic races* A fine 
example is shown la a yard near the elephant house. The wart bog 
of Africa {Phaoechoeru^ apthiopi/^) is famous for his ugly appear- 
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anc® and huge tusks, A fine pair of this peculiar wild pig are t« be 
seen in qimrtcra in the anteloiio house. 

The American rtipresentstives of the pig family^, the peccaries, are 
found wihl from Texas southward over lunch of Middle and *^uth 
-America. Two general t>TMS are distinguished, the white-lipped 
and the qolhirvd pHMsrarics, Tl^o latter ranges farther to the north 
than tiie larger white-lipped group and was formerly common in tho 
rnited States along the Mexican Imrder. Although peccaries are 
doubtless at times, eftpecitilly when roving in largo packs, dangerous 
beasts to encounter, the stories told of their femcity are often gn*Atly 
exaggerated. Tlie collared peccary of Texas f/Vour/ an^^ataa) 
has frequently bred in the Xationai Zoological Park. 

THE CAltXI. T«TBE. 

Whether any of the wild camels of Central Asia arc really native 
wild animals or not is a moot question, jrany iiatunilists Irelieve 
that the Bactrinn or two-hiiiiiped camels now found in a wild state 
in remote parts ore merely tho feral descendants of Ftray domestio 
animals, after the matiner of tho wild Spon'ish horses formerly occur¬ 
ring in the south western United J^tates. Camels arc popularly asso- 
einted with hot barren ilcserts, but the two-humpetl cnmel {Cn'iTi^h^ 
is used in great numbers on the bleak steppes of Siberia 
where the temperature at times is an.vthing hut modemte. Great 
caravans of these famous beasts of burden carry iho rough foil and 
other prwlncts of the desert tribes and Mongolians northward to 
the Stberinti Kail way. The iipecimciiB of this species kept in the park 
are auich more hartiy than the Arabian cami'lx. 

The dmmedary, or x\.mbiuii camel {famelm Jromid^iriua) is tho 
upocies so much used as a pack and saddle animal in northern Africa. 
A drove of "Ji cnniels of this species was introdoced by ibc Unite^l 
.States Govemroent from Smyrna into the southwe^ern states in 185S, 
and others were obtained 10 years later. P-scapwl animals from these 
intmdiietions freriuenteti the Arizona deserts in a wild state up to 
about 1808. when the hud: survivor* were killed. Both specif of 
camels have bred in the park. 

From the evidence provided by fossil remains. America was at one 
time inhabited by many nuuels and cuniel-likc animals, which occu¬ 
pied the country even so far to the north as the arctic portions of 
Alaska. Tlie sole l■em8.imllg species arc the form^ of the genus Lami 
found in South America. 

The wild llama, or gunnaco (Lvvta hvfttutchv*) is found in herds 
from Elciiador to southern South Amerim and ranges from wa level 
in Patagonia to high altitudes in the Andes. It differs conspicu¬ 
ously from the Old World camels in ita small size and the ab^ce 
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of hump;; on the buck^ It was early domesticated by the uativee of 
South America and two general types or breeds hare been evolved— 
the domestic llama, kept chiefly as a beast of burden; and the alpaca, 
bted for its wooUiko coat. The wild goanocoa are of uniform colora¬ 
tion but the dome^itic llama and alpaca are variegated brown, white, 
and hkek, or of solid colors. 

All of the fiirms of the lUma breed freely in tlie Xatlonal Zoologi¬ 
cal Park, and llio young are graceful, nttractive animals, much 
ndmiml by Tisitor& 

Tlio vicuna {Ttarati,vicugna) is a small er species thou the guanaco, 
with II distribution limited to tlie higher Andes of Bolivia, Ecuador, 
and Peru. It has never been domcsticateit, but the animals in the 
park have been gentle and do not seem to suffer from confinement in 
small yards. B ith the llama alresidy in use and bred into different 
varieties, there was little reason for special effort by the natives to 
add this high moutitain species to their list of domcatic stock. 

nix DXEB rAUDOrKS, 

Xo less than 15 species of the deer family (Cervidie) are ii.suallv 
shown in the National Zoological Park. Bwr are attractive e.'thibi- 
tioo nnimak and with proper cafe do very well in captivity. It ia 
often possible to show small breeding herds in large open paddocks 
where the animals present a nnturaJ and pleasing appearance. 

The members of the deer family ate of special interest to sports¬ 
men, and to the average visitor are a never ceasing source of wonder 
on account of the annual shedding of fho antlers. These antlers 
are present in the males of most of the species of tnte Cervidie, and 
are well developed in the females of the caribou and reindeer. They 
are dropped luimialiy after the nitting season, and during renewal 
are cxiverod with the “velvet*' which is later worn off when the 
antlers are polished by the tmimab' rubbing them against trees 
and rocks. The growth of the new antlers is astonishitiglv rapid 
tind in Siberia tlie tnaral, or Dstive elk. is kept in large numbers for 
the aoticra alone. These are sawed off while in the velvet and shipped 
in great quantitiw to Mongolia and China where they bring good 
prices for medicinal purposes, 

Tlie most stately and conspicuous of the .\merican deer b the 
wapiti or American elk cafUKWM). Although less in sine 

than the moose h© b of more graceful and handsome proportions 
fine Hiiimnt one© ranged over much of the United States but 
is now restriried to a few localities where the species has been care- 
fully preserved. The greatest numbers are to be found in the 
Yellowstone National Park end the surrounding country, whence 
numbers have in recent years been shipped into several Eastern 
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States whicli Tver&j yearg Q>go, inliabkcd by the species. The elk 
riinge m the Zoological Park is situated along tbo eastern border, 
lieti^'een Kook Creek and the boimJary fence. The animals brceil 
freely in f biF^ place find are maintaincil in splendid condition. 

Near rekticea of the Ainerican elk nre tiie Bedford, or Man¬ 
churian stag xanfko^fyffm)j the Kashmir deer {C* h<tnffhi)j 

and the red deer of Enrapo These are oil represented 

in tlio park by fine breeding herds, Tlie Betlford deer and the 
Kashmir deer Tvere presented to the park by the Duke of Bedford 
from hialierds at TVbbiim Abbey, England. Three fawns were bom 
to the Kashmir deer while m transit from England and wliile in 
4 )iianintine and these have grown to be fine animals. The EuropeuJi 
red drer hn^ in the park* 

Tlie conunon white-tailed, or Virginia deer {(hfoc&tku^ ameri- 
can^ts) 5 the mule deor (^?. of the EtK-kv" ^lonntain region; 

and the black-taiicd deer of the Pacilic const (<?* all 

do well in the park and breeding herds are shown in large, open 
yards, Tlie Virginia deer k probably the best known big game 
aninial in the United States. It tunges;, in some of its geographical 
forms^ from New Brunswick to South America. It is greatly to be 
regretted tliat the quitrantine regulations now in force against 
hoofed mammals from South America make it virtually impossible 
til import and exhibit any of tJie tvnairkiible and elm meter Lstic 
species of deer native to that country. Tlicse are of types very 
different from the deer of other lands and should be show'a in tho 
park* 

Among the Old World kinds none am more beautiful and attme- 
live than the fallow deer {Darjta dam^)^ Tliesn deer are sjiottcd m 
Slimmer but the winter coat is of unifomi color; tho antlers are coni- 
parutively large and somewhat fiattened or palmate. This s[wies 
is a native of the hlediterrancan region, but has long been inf roduceil 
in western Europe where it l^vc^^ in a vrild or semidoniestic state* 
Blackish and light colored varieties have been bred, ami specimeiis 
of the former arc usually to \t& seen in tho park herd. 

The axis deer or chital {Axh ^ts) is spotted at all seasons^ It 
is a native of India and A closely related form is known from Ceylon* 
The antlers of this deer are long, slender^ and of three tines—a promi¬ 
nent brow tine and one fork above* Amjtber sjjottcd oriental species 
shown is the hog deer This is a mom sturdy 

species than the a.xiii but is only abotit inches high at the shoulder. 

The large group of oHcntal drer known ns the ruidiie species am 
reprcsentel in the psrk by tlie samber and the Lussod 

deer (ft. philippiTim). Xumerous species of Ruxa occur throughout 
southeastern Asia and on many of the East Indian Islands. Mc^^t 
of the larger klands of the Philippine Archipelago have their dui- 
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gpocies^ tiro. The eatlers are nomiallj stout and of 

three tines, but m some sjTecies are vory sum 11 and with elongated 
pedicles. A buck of the Philippine deer which lived in tlui 
park fiitico 1004 wa.^ presented by Che late Adtiiir^il Evani=, lYlien 
this deer has posed long enough for the puldic and is satisfied to call 
it 0 day ho retires to his shelter and closes the door. 

The park possesses a fine herd of the bamsingha, nr swamp deer of 
India {Ejicerrn^ duit-mtcelu). This striking species thrives in the 
largo paddocks provided for it. Its antlers are large, sweeping, and 
many-tined. Tlie little Japanese deer (Sika mp^&n) also is showru 

TlfE A>"rffXOP12S. 

A^ia and Africa are the present-day homes of a great group of 
bovine animals known a$ the antelopes. In Africa, especially, this 
group oitens the nickst astonirihing diversty and the Hi>ecic9 moge in 
size fmm the tiny dik-dik to the giant eland. There are brilliantly 
colored forest species and plain colored d!esert forma; sohtiiry species 
imd others which graze in great herds. Fi^ucntly these herds are 
composed of aLnimals representing n ntitobcr of diHtinct genera. The 
true antelopes, like the catilc, have hollow horiLS which grow and 
arc retained throughout life—ns oppose^l to the solid, deelduotts 
antlers of the members of the deer fjunny* 

Among the Africnn nntelope^ m the park nre Ihe great, gentle- 
facetl East Africa eland (Taurofra^itf oryjp + presentcil 

by the Duke of Bedford; the Congo hames^^d antelope {Trugelapfin^ 
It beiiiitifully marked specie.^ in which the males are a deep 
chocolate brown in color wliilo tho femalchs and young are of a rich 
cinnamon rufous; tho sable antciope of South A frica (, 
with his long bowed horns; the gazelle-like springbuck (Anfid^rcas 
Tnarmpidlh ); the T5efassa water buck (l^dbu 0 defsMa ); and the 
rather spectacular and very noisy wildebeest or gnu 
gfui). With tlie exception of the elands, which have large paddocks 
to the north of the elephants, all of these African species ore kept 
in the antolopp house, where they hiivo heated quarters in winter 
and pl^^isnnr yanls for summer range. 

The Asiatic antelopes ahown include the fine, large species known 
fts the nilgai and the small black buck 

{Antit^fpe c^ndcapra)^ Both of thc^ species nre restricted to 
jjenlnijular India^ Tlie female of each are without horns and difler 
markedly in color from the males. The black bucks Ihrivo in the 
Xnrionul Zoological Park in outdoor paddocks with iinbeated shelf er. 
and both species regularly brecth 
Tlie Amorirnn Antelope or pronghorn {Ani^mpra {merf^m} 
belongs b> a ^anilo family, ft was formerly abundant on the 
western plains but is now found in only a few "scattered localities. 
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This animal differs coasideral)Iy from tlio true antelopes. The 
horiiS are sb^ annimlly, only tbe bony i^ro persisting tUronghoat 
life. The prongborn ia especially bard to keep in eoBtcra ^toologiCftl 
gardenis nnd fipecimeriB are not always on exhibition in Washington, 
It is a mattej' of great satifefiictioii that one esiunple was kept in the 
park for so long a period as fiv^o years. 

OOAT0 AND flllEEl*. 

GontJi find sheep are lifitiva to many sections of the northern parts 
of boih heiuiBphere&, and muny and divert wild species are knOAm+ 
They are elosely related, and forms of each hav^o long been domes- 
licaiod and bred along lines of most ntiUty. Specimens of one of 
these primitive domestic breedsj the Circa^an goatj are kept in the 
park. 

The talir {IlenutJ^u^ of the Himalayas and the aon- 

dadj or Barhary siieep [Ammetf^va h-rimi) of northern Africa, 
are species which connect in many features the true goats with the 
^heep and make it diAicult to draw a sharp distinction between the 
groups^- The nuile tahr is an animal of striking appearance^ with hia 
heavy collar and mane of long^ shaggy hair reaching to bis knees- 
He is an animal of the forested mountains and an exceptional 
climber and luiuper* The aoiidad is another animal that attracts 
great aitention in the Zoo. jV! though lucking the regular beard of 
the goaij he has extraordinarily developed hair on the neck and foro 
limhsj and uu upright mane exteudiog to near the middle of his back. 
The noiidnd U also at home on the steep slopes that aro included 
within his paddocks. 

The Hocky Mountain sheeps or bighorn, which ie known in soma 
of it;s gtsographical forms in western North America from Alaska to 
Mexico k well represented in the purk by live specimens of the typi¬ 
cal form {Otua received froin the Dominion parks branch 

of the Canadian Government. These sheep came from the pro¬ 
tected urea included within the Bocky Mountains Park and wera 
shipped from Banff, Alberta* The Arizona race {O. r. is 

aliio shown. 

An interesting foim of the domestic sheep known as the Barbados 
sheep, but which originated in Africa, is remarkflblo for its peculiar 
brovrnish markings and short hair. The fictck shown has all the ap¬ 
pearance of a wild species and was received from the United Stat^ 
Department of Agriculture. 

liLSON, TAS, AND TETFTH AIJJE9- 

The herd of American Bison (Bh&n iiA&n) maintained in the Na- 
tlotml Z<K>logicat Park has been brought h>£eLht!r from various 
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source It is mw kept at approximately IT heod and the surplus 
stock is exchanged to other parks nod bfeon reservations. There arc 
now msmy plnc^ T^'here bison herds are kejJt and carefully pni- 
tected anil bred so tbab till danger of Ibe extinction of this famous 
Americfin niminant is past>. The number of aninmls is increoiring 
yearly tinder the direction of the American and Canadian Govern- 
menls and the American Bison Society ; new herds and resen'atiomi 
to accomcaiaie the surpliLs animala have been created. 

The first bison to be placed in the Xarional Zoological Park herd 
were a pair received from E. G. Blackford in 1868^ when the collec¬ 
tion was kept at the SmithEonian grounds^ Animnln have $jiiice l>een 
added from onldde soisrccs as follows: Dr. Y. T. ML<T!lliriNldy+ 
1889,4; iL Pablo, 189L 8; C. J. Jones, 1901,1 \ Cudy and Bulky, 1904, 
Dr* C. French, 1907^ 1; and the Bine Mountain Forest Af^iocin- 
tion, 1907^ 3. All danger of tcKi free interbreeding has thus been 
elinniuiited and arrangements have recently been nnide to receive 
some young bulls from the Tellowstone Xational Park, 17p to 1918, 
33 calves had been bom in tlm park hord^ Them appears to be no 
rvitricteU seiuion for calving, as births ore noted in the park recorils 
for every month in tho year except Febniary and December. May 
ranks with 11 birtha, April and Novomber second, with 5 each, 
and January, March, oiid July arc lowe$t with a birth credUed 
to each. TTio bison range k located near the Connecticut Avenue 
entrance, on (he western side of the park. 

Thft yuk {Po^pAi£^u^ gnmnJlem) is found in a wild state in the 
very high mountains of central Asia, in Ladnk, Tibet, and Ivon-sti, 
where it lives at altitudes varying from 14^000 to 30^000 feet The 
color of the wild i^tot'k Is n blackisJi brown. Tame, semiwild, and 
feral henls ranging northward into the Altai Alountains at much 
lower altitudes, even to tho Siberian slopes of the Little Altaic are 
of mixed colors, black, brown, gray^ and whitev Both sexes? nor¬ 
mally have boms; thri^:^ of tho male ofttimes are of great length. 
The natives of ceatral *Uia say that the yak k not siicce^ssfully kept 
below LOOO ft-'Ct in that region. The animals in the Zoological Park, 
at wiiHt IS pnictically sea level, do not secnx to suffer from tlie low' 
aUitiide, and frequently breed. 

An example of tile little bufialo of Celebes, known as the anoa 
(Aftsfl is one of the prize exhibits of tlie park The 

animal is very' rare in collections and is not often seen alive. Our 
specimen, a fine bull, has Wn living in hb quarters at the antolopt 
house ainoo 1905. a record of which hb keepers may well be proud, 
lie is a fmappy, pugnacioiiA animat, quick with hb feet and temper 
although the small^t of aU the buffalo sjjedes. The calves of d?u>a 
arc scmietinies of a beautiful golden brown and some of the females 
retain this color throughout life; hut the males are usuaUy blackish 
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like tlie one eshibiied. The straight, sbarply-pomted h^s ara 
iiiiieh in fiivtiT nrith East TndiRn sailora for nse ab marlinspikes. 

Tho zebu (ffoBtndicuii), a flomefitio variety much bred in parts of 
Asia and Africa, b slitiwa in paddocks near the west gate. 


THE PHI MATES. 

The order of nmnintab known ns the Primntca includes the lemurs, 
tnonkeys, apes, nnd tnan. The leniura are mostly tioctumal aninmls 
and ara, so far as Uvb»g forms are concerned, not closely Feinted to 
the other Primntes. In some species the Uil is very long; in others 
it b wanting entirely. At the present tigo the lemurs are contincd to 
Africa, the f>rkntal repon, and to Madagascar and neigliboring 
i!dand.s. Jinny of the species ure confined to the latter region. 

Tho other Primates are usually divided into several families. The 
principal groups are tlie maruiosots, small species often of brilliant 
coloration and silkj- coat, confined to tropical America; the reoiam- 
ing American monkeys, of great variety in size and characteristics 
and of an uncertain number of families; the Old World monkeys, 
all rather closely related as compared with the great diversity shown 
by the American species; tho anthropoid apes, including the gorilla, 
urang-ntaii, rhimpanzee, and gibbon; and finally man. 

While tho iiiajorlty of the Primates kept in the park are exhibited 
in the monkey house, several outdoor yards and shelters are provided 
for such species as endure our winters without heated cpiarters, and 
the chinipaurj^e makes hia winter home in a specially prepared comer 
of the lion hoiwe. ■ 


TlfR CHlHFATiZEB trOfftodyta). 

Ko animal in the park attracts so much attention from visitors 

as ‘‘Soko,*^ tho ehimpunzee. “Soko” reached tho park in Sep* 

tember, 1015, from tlie foresta of tho French Congo. He was then 

iibont. years old and wdglied only 38 pounds. During tho autumn 

of 191G, or when about 4j years old he lost his milk teeth and siueo 

Ihi! pertiinneiii teeth have developed hb growth has been much ntoro 

rapid tlian befurc. Oil September 1,1913, he welgiied 85 poimds. He 

has been taught by hi$ keepera to take bb formal meals seated at a 

table: and after hb napkin bos been adjusted he scans tho 

writes ilk order, and rings his bell for service. Sliced bannn^..^ira^ 

pudding, and other foods are eaten with fork and a 

ventional manner, much to the joy of the childTOn 

hts cage. He pours hts own mtlk from the bp^lle^an^'Ws ncver^iil. 

oiieo ovcrfilldl his class, since which mishap'lim has,alwa^^lxctm%it 
. , * , . , , .-jOrnT Tra /T >hTt uini b'l-urli 

particular cure not to waste uua food. ., ... . , . , . 

..i-KHia uviJ-jeijiA .ebittt ei » h. 


556 AfTSTAl, RRPOaT SMJTli&OXlAS IUSTITUTIOJ!', 1917. 

“Soko” does ull KtrU of luieixpected trirks aod ia u crotitUK of 
extrcino moods. At times he U very grave and serious, and again, 
especially if ho has ah appreciative audience, he js biibbliog over 
aitb the joy of life and spins round and round on hie back and 
shoulders or turns EomcrsauUs repeatedly. During the wanner 
months he occupies pleasant quarters out-of-doors where he has a dry 
and co^ sleeping room witJi a large eagu; and at that season he 
enjoys daily walks about the grounds aud many rides on the watch¬ 
man's bicycle. 

ou> woiun aiON sets. 

With few esceptiona the Old World monkeys are oil eshibitod in 
the huildiug known as the monkey house. The exceptions are hardy 
species which seem umiiindful of our coldest winter weather and 
thrive in unhealed outdoor cages, where they are provided of course 
with snug and comfortable sleeping quarters. These “ freah air ” 
monkeys include the rhesus monkey {Macam rAr^rtw), a social species 
of northern India; the brown macaque {Mufinm apcdoita). of Upper 
Bunna and Cochin China, in which the tail is nearly obsolete; the 
Japanese monkcT (J/scuca funcata)^ a long-furred, naked-face, shnrt- 
luiled species;-and the chnems {Papio ftfrearim), a Sfmth African 
baboon of large size and great strength. A full grown male of this 
(>owerful baboon is said to bo a match for a leopard; and as the 
animals usually live in trtjops, so grout a number as 100 being some¬ 
times associated in tlds manner, they at times are responsible for 
great dcprotlations to crops, and have been known to kill loiubs and 
oliior slock. 

Tu the monkey house and the annexe<l outdoor yards for summer 
use a™ shown a variety of the Old World species. A number of 
forms of macaques, related to those mentioned above, are usually 
here. These include the bminet monkoy (il/awm sintew.), a native of 
fioulhem India; the pig-tailed monkey {.V. nerwatrim) of the Malay 
region: ihe Moor macaque {€t/nopiihecits nurunrj] from Celebes; 
and others. The mangabeys. a tropical African group of long-tailed, 
forest-loving monkeys is represented by the sooty mangnbey (Crr- 
eocebva fviifjhn>ava),aR obscurely colored bnt vqry active species. 

The guenons form the largest group of the Primates tvnd exhibit 
remarkable ilivcrsity in coloration and color pattern- They are at- 
traiiive and very interesting monkeys with slender boclies and long 
limEs"^.^ B|)ecies are oddly and brilliantly 

(.]jinS^ll''^?ieJ^iip^|j^cludes about SO fc)niis and is native to Africa; 
ImTtwo sp^i^l^h^ mi^na and the green guenon) have been intro^ 
Tiiiies and are perfectly established on some 
of the islands. Attractive species of this genus shown in the monkev 
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of them are strikingly colored, The toongoose Istmir [Lemur vum^ 
ffos) 13 a noisy, gregarious species, noted for its agility in trees. In 
addition to this species, the black lemur (Z, numnK) is sliown in the 
monkey hous& 

THK 

This group of so^alleJ “toothless^* mammals contains, in addition 
to some peculiar Old World types of doubtful affinity, the American 

o , anteaters, atid armadillos. The teeth are vet^’ imperfect in 
fitreeture and in some forms are ’wholly absent. The annadillo, the 
only edentate regularly exhibited in the zoological park, has nu¬ 
merous functjoiml teeth, but these arc without, u real covering of 
enamel. Sloths and antcaters usually do not live well in captivity 
and are shown in the collection only occasionally, as speciujcns can 
bo e&ouml. 

The httiry arrnadillo {Euphr^fctnif comes from South 

^Vmencu. Numcrnii.s other species and genera are found in this 
xe^on and one [Das^pm fl^*cmWjKf#r«r) ranges commonly north into 
southern Texas. The shell-like covering of the back of this form is 
much used for making baskets for the tourist trade, .\j>madillo 3 are 
cunous animals and are surprisingly quick and nimble on their feet. 
Some species are able to roll up in a liali; the horny carapace then 
gives U 101 U protection fFom th&lr eneinies, 

the gnawing aUilMALS. 

Among the gna’wing mammals arc iududed two very distinct 
ordenn-the Rodentia and tise Lagomorplm. The latter order is 
made up of tlie hares, rabbits, and pikas, while all the other existing 
ruden^like forms are mombera of tlie order llodentia. The vast 
majority of rodents are small creatures, like tlie mice, rate, and squir¬ 
rels; but the yrder includes some very sinablo living animuls-^the 
porciipini!, beaver, and capybara, while an extinct South American 
member of tlie group was as large ns a hippopotamus. The most 
characteristic features of tho Rotlentia are the complete aheeivcs of 
canine teeth and the great development of the incisora winch owing 
to tlieir pereistant grf>wth and the presence of himl enameUliieflv 
on the anterior surface are worn by use to u chiael-like edge. There is 
always a considerable space m the jaw between these cutting teeth 
and the jnalarifann grindeJ:^t, ^ 

Until some special means for the exhibition of living examples of 
the smaller rodents and lugomorplis can be devised, the collection 
murf be mainly restrict®! to the larger forniA Tlie common m-av 
squirrel, the red squirrel, and the cottontail rabbit roam wild wHisin 
the borders of ttie park. Among the gray squirrels wiU be seen nu- 
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merou& bluck or bkddsh esEample^. These are descendeitts of black 
;gqitirrel stock introduced in the park a number of years ago from 
5y>uihern Ontario* Oilier members of live squirrel family shown are 
the Abert'S sqiiirrel fi‘om Arizona, the prairie dog 

Iud<>me(finu»)^ and various species of ground squirrels 
and marmots^ The prairie dogs have an inclosed area near the eland 
yards where they live the social village Life so characteristic of the 
specica. Numbers of young are born and reared each year. During 
the coldest winter weather the prairie dogs hibernate^ but in nice 
weather they are always to be seen about the “dog town*” 

Two aquatic ro^lents, the American beaver 
and thecoypn cic^ypm) of South America enjoy the run¬ 

ning stream aliove the sea lion pool. The beavers have an extensive 
yard and have dammed the stream in true beaver fashion so that the 
mesulting lak&oders them the most natural surroundings. They are 
best aeon in the late afternoon. The coypu, or nutria, is thoroughly at 
home in tlie water, and the teats of the female are platreil high on the 
side of the back ^ that tlie young are able to nurse without diring. 
The fur b valuable for many pur poshes but is chietly cut and used in 
the manufacture of hats* As many as 500,000 skins have been ex¬ 
ported from South America within a single year. 

The European porcupine erhtofa) is a splendid species 

whose quills are far longer than those of the American porcupinea. 
Among the attractive rodents found only in tropioil America are 
the families Caviidie, Dasyproctidee^ and Cbinehillida-. Many spe- 
cies are peculiarly adapted to zoological park life, are showy ani- 
malst find breed reguiarij in captivity. The guinea pig {Camn por- 
so familiar to children, is bred in large numbers* The wild 
guinea pig of Peru, a grayish species^ is also on exhibition* A larger 
species, the Patagonian cavj {DolkhoUs ^ a peculiar 

rough-haired aniinal with something the appearance of a big rabbit, 
is shown in the antelope house. The paca {Cmtkrtdwf one of 

the larger rodents, lias a brown body wall marked with whitish 
spote. He is related to the agouti (Da^^practa) of which n num¬ 
ber of species are regularly kept. Some of the specie^ of kigouti 
are brilliantly marked ? n most striking species is the hairy-nimped 
agouti (/^* ptymnol^pha)- Agoutis muge north into Mexico and on 
several of tho West Indian Islands. They are hunted with dogs by 
the natives, and are said to be almost as cunning as a fox. The 
vbscacha is related to the famous chiuchilta. 

It has some of the habits of the prairie dog and lives in villages in 
open country^ but the towns do not approach in size ihot^ of the 
North Amarican animal* 

The mountain beaver, or sewelld (Aphdmtm ns fa) is a peculiar 
burrowing rodent of the Pacific coa^ region of Noith America. It 
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in Hell resembles die muskrat; in external niipearance, but lias a very 
short tail, freely m inch in length; and ia not closely related to tliV 
other existing membetij of the order. 

Tlic oapybani (If^drtKfuei'tm kifdrocharia) is a native of South 
^Vmtrlca, noitli to Panama. Tills species is very fond of marshy 
tracts and is an expert swimmer. The specimen now on exhibition 
Was received from Venezuela. Capybaros sometimes grow to more 
than + feet bi length; they are thiek-set anitmtls and although 
easUy the largest of die existing rodents aio gentle, iiiofiensive, and 
easily tamed. 

TUTC CARVIVOflOUS M.iatMAlJ?. 

Two distinct ordere of this group are now recognised by mam- 
inologists. The Carnivora proper, or Fissipedhi, include the families 
of cats, civets, iiyenaa, dogs, receotnts, weasels, and beats, with their 
allies. The order Pinnipedia is comprised of the seaia, sea Huns, and 
walrus. VliLle there is immense variety in the dentition of carnivo¬ 
rous mamtoala, as a rule the teeth are highly developed for the process 
of tearing and cutting flesh or the crushing of bone. Some species 
lire far from ‘‘ carnivorous,” and subsist chiefly upon fruits and in¬ 
sects. The black and brown bears are good examples of thlq latter 
type, but moat camivorea do at time® eat more or less of vegetable 
food. Some of the smaller species are largely insectivorous. 

The largest of living carnivores is the great brown boar of Kodiak 
Island, Alosk'a ; die smallest the least weasel of the boreal regions of 
both continents. 

The I^innipedia are readily divided into grtjups typified by the 
hair seals or harbor seals; ihe sea lions; and the wnlnis. The hair 
seals have no external ears and the hind limbs are so placed und modi¬ 
fied os to be useless for walking on land. The feet, or hind flipper??,” 
protrude backward and are used in the nature of ii tail in swimming. 
The miiitnan liarbor seals of itotb coasts belong to this group. The 
sea lions, or sea bears, have extemfli ears, and the hind limlis are 
functiomil for walking on land. This grouji includes the famous 
fur seal 11J9 well os the species of sea lions. Peculiarities of the skele¬ 
ton point to a very ancient separation of these two groups of seals, and 
they are not so closely related as would appear from their external 
appearance and habits, 

THE CATS. 

Specimene of the larger membere of the cat tribe are usually kept 
in all menageries and are favorite animals w ith the public^ The 
collection in the N^ational Zootogicai Park tncludisi beautiful ex¬ 
amples of many of the most interesting and sliowy species. The 
larger kinda are shown in the lion house. 
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The Africun lion {Ftlia ho) mtiks foremost in popnlttr inlerest. 
Tho adult nrtlo ifi n mufrnificflnt beast with massive headt a full 
mane, and a long tnfrcd tail; ho prosentB a most imposing appear¬ 
ance. fdons thrive in eaptivity and develop mueli finer manes of 
softer, more luxuriant hair, oq tho neck and shoulders tlmn U nstinl 
in wild animals. Lions bronght from the high and comparatively 
dtr plateang of East Africa develop mitch darker coats in the 
Ztiologicul Park than in a iiattiral State. This is supposed to bo 
due to the more humid aimosphero of Washington. The mane of 
tho lion is nut fuUy developed until the animal has reached a very 
mature age and the numerous “ adult ^ lions ’nilhout monos filiot 
hy sportsmen prove to be in reality fully grown hut Immature «ni- 
nials, Tn tlie scries of over 100 lions preserved in the Xational 
Mdsemn the full-siswd but maneleai males art invariably the younger 
ones as shown by the condition of tho sutures of the skull mid tlio 
coudition of the tcctij. The mano grows much more rapidly in park 
specimens and appears ftilly developed at an age when wild lions 
would still ho “maiielcss,’’ Numerous geographical races of the 
lion are known, and the range of the animal extends into western 
India. Within historic times the species was wild In soiithoastem 
Europe. 

The tiger, the lion’s rival In size, strength, and popular intereati, 
is an inhabitant of Asia, where it ratiges through its various fonjis 
from southern Siberia to Java and Bali, and westward to Persia- 
Tt is aWnt from the greater part of the highlands of the central 
parts of the continent but has been killed so far north as Sakhalin 
Island on the coast and the northern slopes of the Altai in central 
aontlicm Siberia. It is best known from Korea and Ufanchuria, 
the Amoy region of eastern China, ^Ealnya, and India, each re^oii 
furnishing a special tyiK. The Bengal tiger {/'riw tigrh) is the 
best known form in mciiageries. It has a short emit and is a very 
inferior animal to the splendid JfanchiiriaTi tiger of the north 
Hgri» hmgipUis), The Manchurinn tiger h common in parts of 
Korea where it is usually hunted oh the snow in winter. IhUh iho 
Reiigfil and Manchurian tigers are represented in the Zotdogical 
Park collection of tlie grunt cats, and the numerous points of dif¬ 
ference lietween these two forms are readily seen. The mof-l beau¬ 
tiful of all the tigcrii, the Amoy species, lias never been diown; al¬ 
though skins regiiTarly reach the market, living specimens are rarely 
obtainable. The same may be said of the very dL^tinct Persian form. 
The Malay and .Sumatra tigers are freqticiUly seen in zoological 
gardens and specimens of the former livc<l for many yeats in the 
National Zoological Park. 
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Tho Icopnrd (FrU^ pardud) of A&ia and Africa and the ja^ar 
{FeiU iynra) of America arc spotted cats with many Biiperficjai points 
of resemblance. The Icopanl is a letis stocky animal than the jiignar 
though he cioewds in size many of the smaller specimens of the 
American species. Like the lion and the tiger the leopard is dici Jed 
into several stibspecies or geogtaphical races. Both the African and 
Asiatic forms are kept in the part Tlie jaguar ranges from Argen¬ 
tina northward to Jlesico, and is sometimes killed in the wilder parts 
of Texas and Xew ^lexico. Unlike the piimat or monntam lino, it is 
at times very destructive to cuttle. The smallest jaguars come from 
northern South America and the I urgent form inhabits Pa rn go ay and 
< 50 iithern Bi-assi!. The great difference in size Itetwccn spetdrnens from 
these two regions b remarkable. Skulls of adult male specimens of 
the PurtigUfty jnguar exceed in nieasnrcmcnts^ the skull of the largest 
Korean tigresi recorded. 

The pumii, known in tJie TVestem States the ttiiuintain lion and 
in tlie south as the panther, has on extensive distribution from British 
Columbia to Paiagonia. It wa^ formerly eommon in the Eastern 
States, but is now exterminated over much of its original range. In 
parts of Florida and especially in the canebrake regions of Louisiarin, 
panthers are ^ti\l found. In the Bear Tjake cane of northeastern 
Louisiana the animal was almost common a few years ago and doubt¬ 
less is frequently found to this day. The nuiimtaln lirin of the Rockies 
(Fall^ Aippol^teJi) and the paler colored form from Arizona (FdU 
are. both exhibited in the park. In parts of the West and 
Southwest tile mountain lion is still found in numbers, and in particu¬ 
lar locAliti^ is so destructive to colts that it is almost impossible to 
raise horses on the open range. There are several authentic lustanxxs 
of the tnouniain Lion^s attacking rciun ivitljout the slightest provoca¬ 
tion : but conridering the wide distribution of the animal and its com¬ 
parative abimdance^ these must be considered exeepiional traits of 
habit. 

The ocelot (Fdh partialis) is a smuller spotted aud hbiU'hed Ameri¬ 
ca u cat^ common in the Trojiics and regularly found in southeastern 
Texas. It is a handsojiue species which varies greatly in color and 
markings. The Canada lynx (Zyiu? c(madenvis) is a larger^ tufted- 
eared relative of the common bobcat, or w ildcat, of the United States. 
It is found over much of the wooded parts of British .limerica and 
Alaska and iuto the ^orthoni States and Rocky ^lountain region i>f 
the IVest* It is much sought by the trapper and during the periodical 
abnudance of the northern hare becomes very plentiful, so that Ijirgo 
immbcrs are captured. 

The bay lynx, or bot^rat is the wildcat commonly 

foimd in unscttltd portions of the United State®. Like other species 
of wide distribution it is dirisible into numerous geographical forms. 


FJATIONAL ZOOLOGICAL I'AHK—HOLLISTEB, 


563 


One of the hendriottiest of these is a richly colored rnc® from tlic 
litimid coast re^oii of tlie Northwestern Sinter 

The cheetah, known also as tlie “hunting leopard,’^ b sometiftn^ 
trained to hunt the antelope and other game. Long llnibefl nod 
slender^ with high rounded, head^ and with claws less retractile than 
in the other cats, he has many points of i^csemblance with tho dog; 
this I'esemblance is not conhned to external apiiearancc but is foimvl 
also in the mn^lcs, A pair of Afriom cheetahs {Aemont/su jubatm) 
was brfnjpht over in by the head keeper of tho park from th© 
Government Zoological Garden, Gka, KgypL Tliey have developed 
splendidly here and may be considered one of tho nioat important 
exhibits. 

civirm AJtn dtknas!^. 

Tlie civet eats and llieir allies, tho mongtsoses, genets, and palm 
civets comprise tbe faintly Viverridifc They are of diverai tj^pcs and 
are native to the Old WorH but one species of mongootie lias been 
introduced in some of the West Indian Islands where it bos nearly 
exterroinated many of the native Epecies of birds, Eegulatlons 
against tli© introduction of this pest into the United States aro 
rigidly enforced. 

The Aftiam civet riveU^)^ a hatidsonie sj»ttc<l mJcetea 

of comparatively large sl^se. is shown in tha antelope house. An¬ 
other attractive member of tho ViverridEo is the genet 
etta} of southwestern Europe | a specimen of this elegant Bijecics may 
ho seen in the small tnammaL coUcction installed in the north end of 
tho tiioniMy house. Numerous related forms occur in Africa and 
southern Asia. 

The spotted hyena (Crvcu^a nwiifu) is tho eommonest African 
species of tlie fuinily Hyfrnidi^!. He is a large, ix>iverful brute with 
jaws iind teeth E[>Bcidily developed for crushing bones. The ^|JCCi- 
iiion kept in the lion houso is a great pot and iB excited to supreme 
content by a little attention. Unlike the great cats he pal's not the 
slightest attention to bones in the meat fed to him but crushes even 
the largest as easily and rapidly as if he were eating much softer 
food. A smaller ^poojes,tho striped hyena, inhabits India and northern 
Africa, and a much rarer kind, the brown hyena or “strand wolf 
{flj/i^na bruniien), b conflned to parts of Africa. A specimen of this 
hitter animal was added to the park collection in 1017, It is the first 
Kpocimen of the species ever shown in the National Zoological Park, 
and very few have ever been exhibited in America, Hyenas are 
essentially carrion eaters and are largely nocturnal In habits. 

TJJn DOQ FAMiLV. 

This interesting grwip of mam mate includes the dog, wnlf, fox, 
jackal, and their numerous relatives. It is one of the Utet-known 
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families in a popular tray, but the exact limits of the genera and 
species are matters not yet thoronghly worked out fay any zoologift, 
'The tnie wolves weiio formerly abundant animals over much of 
tho Xorthem Hemi.-jpbere, and, although extorminated by man in 
many refpous, still perast in numbers in sonm well-inhabited areas. 
Although long sdneo gouo from tbo British Islands, they aro found to 
this diiy ui niunerous parts of contmentol Europe and are abuutlaiit 
in lUo iWsettled portions of central Asia, In Sorth -^Jicricn wolves 
formerly roamed in largo pacha over tho great gome fields and were 
especiallv numerous tiirougbout th© bison country. Tho nortlicm 
**timb€!r wolfand the “buffalo wolf ’* of the great plains are pow¬ 
erful beasU and are able to take down our JarigcBt aaimiils. Tbo 
wolves of tbo Southern States are of less bulk and some Siiecios ar© 
barely larger than the coyote, 

Tim wolf of tliG noitlicrn Bocky LEotintain States {Catus iiHitlm) 
varies greatly in color, aa usued with tho AmDrican species. Ainotig 
tho specimens in tlic park arc some of tho typical “ gray wolves ” and 
soiuo verv dark, almost blackish examples— tbo latter from the Ycl- 
lowstone'Natioiial Park. Many young wolves of this species have 
been rea md in tho park. 

Two species of the smaller wolves from the Southern States arc 
sliown. The reddish form from Oklahoma and Texas {Cants fras- 
i<cs(!inb1cs vcTy much som© of the species of coyotes, but his 
skull and teeth show him to be one of the true wolves. The black 
tt'olf of the ewamps nnd founts of the Southessteni Stales 
fioridanm) is represented by a splendid example from .Arkansas. 
It is pcrlmps doubtful if this is tho same species as the wolf of Flor¬ 
ida, but until mora is known of llio small w'olves of tonisiana, Ar¬ 
kansas, and east Texas, the specimen seems licst referred to ftorhla- 
tivs. IMiilo tJio avertige coloration of these southern wolves is very 
dark, many examples are by no means so black as the one exhibit«l. 

The coyote of the northern plains (Cants Jairans) is a large species 
iipproximating some of tho smaller wolves in size. It rang® east 
to IVisconsiii and western Indiana, where it is frequently confounded] 
with tho timber wolf; old hunters and trappers often fail to dis^ 
tinguisli between the animals. In some localities it is cnlled the 
brush wolf by those who recognize the difference between it and its 
larger and more powerful relative. Xuincrous other species and 
subspecies of the coyote are found in the ITestcm States and In 
Mexico. Tho coyote is structuralty closer to the Old World jackal 
rban to the big wolves, and takes the place uf tha jackal in the Amer¬ 
ican fauna. 

Tho red fox (Viiipes fvlm) is very common in parts of the North, 
but is rare in many of the Soutlieru iitates. In the boreal regions 
of Canada nnd the norihem United States it takes cm a spkndid 
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coat and the fur is of coJiJiideFable value. Tbc fos and the 

blade or silver fos arc color phases of this species and csamples 
of each are sometijiics found in litters of ted foses. Both phases 
occur most frequently in definite geographic areas, liowever, and 
in some westem localities the cross fox coloration is the common 
condition. Silver foxes are now bred in confinement and the skins 
frecpioiitty bring enormous prices in the fur market. 

The ffvvift, or kit fos (Ttdlpi!* eefoa:) is un inhabiUiut of the oiicn 
nrciis of tho “Vt'est and is found in nnuiy of the most arid deserts. 
A iiiimlx^r of species and races are recognisted by luauunalogists, 
Hie fur hiis no rcjil value. 

Tim coimnon gray fos alHnitids in ninny jiarts of the United 
States iiiul Middle Ainerico- Unlike the red fox it is a good dindair 
and if pursued by dogs readily takes to trees. The cipiiimon ctuiteni 
s\KCitsi [Ur&cj/on clTtcrct/arffWteaa) niaintiiins itself in wcll-settletl 
cnnitiiuinlics and is sometimes known by tho inisnoiiicr of ‘‘silver- 
grti}' fox.” In localities where it is not often taken, the capture of 
a »|icriiucii fre<iuontly escttea tlic tmp|icr to the lidicf that he has a 
specimen of llm real priiicd and valunble silver fol. The genuine 
silver fox, mentioned abovo as a color phase of the red fox, is chielly 
bhick, with iiiuro or less white hair mLxed in the ^htge; whereas the 
gray fox is always gray nnd mfons, with a blackish stripe along the 
up^r surface of the tail The fur of the gray fox is comparatively 
short and coaiso, but ia of real lieniity and ia conshtembly used by 
tlie trade. Its vulue is much less than the fur of the red fox. 

The arctic ft>x (.Ifoprtt laffopvt} is circumpolar in distribution and 
is much priced for its fur. In the boreal regions the animals are 
flviir white in winter, though the summer coat is of a bluish brown. 
On soma of the islands of Alaska the animids are ull of the “bliw 
fox ” typo and the white pclnge is unknown. 

Tim park imssesscs fine esamples of the Eskimo dog, the descend¬ 
ants of the animals which accompanitKi Aihniral Peary to the Nortli 
Pole- Those now hero urc the grandsons and granddaughters of the 
tiriginal famous animals. It is greatly to be hoped that this stock 
can 1)0 iwrpetiiated. The Eakiiuo tlog is a variety of the common 
domestic animal [Cania fttmtliiirvt) and, contrary to gciicnd belief, 
apparently is nut a direct and scarcelj' modified descendant of tlie 
wolf now ffiiind wild in the norihem regions, Kxiimination of 
dozens of skulls of dogs from the ancient Eskimo dwelling sites of 
northeastern Siberia and from more recent Eskimo tribes fails to dis- 
closo any more wotMike characteristics in the bones or teeth than 
are found in all large domestic dogs. The primitive Esbimo dog 
skulls arc almost counterparts in all chameters of the dog skulls 
found in ancient Egyptian burials and in the pre-Columhian graves 
of Peru. Domestic dogs have the general wolf type of skull and 
(5513S*—an 101T-37 
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ka'tli without udtnisttirc of ehnracterg ilprived frum jitckA^ 
or uny South Amoricoii meiulicr of the <l<*g fumily; but the uniiual is 
of very ancient origia and its achial wolf-like ancestor is nut for a 
certointy known. 

Another very intoresling dog is the dingo {f nntt rfmyo) of Aus¬ 
tralia. It is found in a wild state, and also, H is said, in a .semi- 
douiestieatetl state iiRKiiip the natives of that country. It has l^n 
generally believed tlmt the dingo was introduced by man irtlo Aus¬ 
tralia at some early time but there is some evidetice. fumislietl by 
fo«siI remnins, that, it exisfc<l there with soinv of tlie extinct iiiar- 
supinle at u period earlier than man is surely known in that region. 
Tn color the dingo is usually rc«hlish or nifoins-taivny, although indi¬ 
viduals lighter or darker in color than the average speeitneiui an* 
known to occur in an apparently wild state. ^VTiatever the true* 
origin of the dingo it w certainly as tnily u wild animal in Australia 
in modem times as any of the native marsupials or tlia rat-like 
rodents, 

RACCOONS ANO 1*11 KIH .UXTRS. 

The common raccoon {Proc^oa hfor) has a special yard near the 
elephant liouses, with a fine tree in which tlie animals of the colony 
may be seen sunning thcm^lvcs tit tlio topmost hranches. South 
American reprcacntativcs of tlic coon family, the kmkajou {Pofo* 
and the coatl-Mtindi (A'liwuo mrlca) are also kept in the park, 
lloth of these uuiiimls occur northward throughout much of Central 
America and Mexico, and tlie coati-mnneU has been captured in 
southern Arizona. 

The cacomistle (SatBart^cvt is a beautiful little aiiimnl 

often called, the rlng-utiled cat,” coon cat,” or “ civcU*’ It is com¬ 
mon along the Pacific coast of the United States and southward into 
the Tropics. It has many struclural characters of the dogs and al¬ 
though usually chtssified with the raccoons has lieen mndo the tytie 
of a rlistiuct family. The fur at times becomes fasltionable and 
itianr skins are placed on the market. 

THF. W'FJtSEX. FAMELV. 

Tliis group of liighly bloodthirsty matniDals includes such diverse 
types as ihe weasel, badger, skunk, tuurtcn. and otter. The family 
has an extensive distribution and species are found in most parts of 
the globe with the exeeptin& of Australia and Mudagnscar. 

The American badgers {Taaidea iaxm) have a yard in the 
park where they can usuaUv be seen in their characteristic occupa¬ 
tion of digging in the soil. So active are they in this work that the 
dirt within the inelosure ia constantly turned over end always pre¬ 
sents the appi^ranco of a newly spaded garden. The European 



SmSiriisnSsfi Report, —HflIlliilflJ'. 


Plate 26 , 


American BAiMERi 





























SnilthwnlBft H^pgrt, 191f. 


Plate 2T. 



Alaska PENtNiuuL Bhowh Beah- 


If' 







KArjONAL PARK—HOLUBTEfl, 


5G7 


IiftilgL-i^ (on the contmry arc nirrly they gpeud 

almost the entire day nslccp under tbe straw in a corner of their 
ijtiarJera 

Ttie common s&itnk of the Eastern States {MephUw \ the 

marten (A/fSrte^ ujnerkana)} the fieher {Marte$ pennaTiPi)^ and the 
niijib aro nil Atuerican species which arc ea^entinlly 

ncietiiriiiil and nttnict little attention in their cages fii^m visitors to 
the park* The neotropical taynt (Taym on the oootriiry 

is a friemilyj active animid always ready to aliow himself to 

Tha titter pens^ along the strciim above the beaver and lion 
poolsj olTcr an attractive show of the home Ufa of animnls. Here 
ii imir of Aiiiei'ican otters {LiUm citnademis) have reared their 
young and the mother with her family can be seen. OWeni are very 
intoUigeiit and playful animals and may easily lie mtide attractive 
pets. Moreovort since it is practicable to rear them in enptivity tlie 
breeding of otters may be made a very pleasant and profitable occu¬ 
pation as the skins command a fine price in the fur market. 

Tim BE.\E DESS. 

Tlie park mdntaini^ a splendid collection of bears and few tmimals 
attract so nxuch attention fmm the piibtio as do these intere^-ting 
creatures* The dens are conveniently and pleasantly located on the 
west side of the main highway through the jjnrk where the nniiu alfl 
have ideal conditions for oomfort and health. 

The polar be^irs {Tkaliircto^ are conihied to tlic ai-ctic 

regions. On the Atlantic coast of America they formerly occtirted 
regularly south to Uibrador. Wldte at all scason&j active in the 
and pooh and experL swimmers^ tlio polar bears are great favorites 
in the park, ('oiitmry to general belief the polar bears do not 
particularly suffer from the summer heat of IVashington* It is to 
bo remenibered that, there arc many ivaxm days in summer in their 
native homo and that tin ring this semson tho bears commonly go 
ashore and sub^ifd; for periods almost wholly upon a vegetabb diet. 
Muring most of the remainder of the year the food of the polar 
hear consists mainly of the flesh of seals, A polar bear in the 
park at one time weighed TGO pounds. 

The Eumpean brown bear {Ur^ius nrrtQif) U the boar ujjiially seen 
accompanying itinerant street exhibitions. It naturally stands erect 
on its bind feet much more than do the other bears and conse¬ 
quently^ much more readily tniined for such purposes 

The great and confusing variety of beare found in uoithwestern 
America has puzzled naturalists since the first discovery of thosr 
huge beasts. 4Some of the brown bears of Alaska^ notably those of 
the iVJaskan Peninsula and Kodiak Island^ ace the largest of all 
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living specie aJid appear to be itiljiiiat«ly related to the broi^n 
bears of eaistem Asia and to the extinct cave bears of Europe, Sev¬ 
eral species of the ^at Alaskan hr own bears arc shown in the 
park. Oijo kept for several yeai^ weighed at one tune I 48 O ptnunda 

There are splendid examples of the Kodiak bear {Vrutwt mSddtifV- 
dotffi) ; tbe Peninsula bear {U, gyat ); the Yakntat bear , d^iU), 
and Kulder^s bear { V. kiddeA) of Cook Inlet. 

The gri«sdy bear {Uniw &orri5/fiW) is perhaps the meet celebrated 
nf all the bears and has the greatest reputation for strength and 
ferocity. In tbe early days of the tVest the grixzly was very plcnti- 
fid, and no story of adventure in that region was complete unless 
it introdiieed the ‘‘silver lip’’ at some point in the tale. Nowaday.^ 
grixzly bears are rare or cotiipletely exterminated over must of tlieir 
former range in the United StateS) but arc still found plenlifnlly 
in the Yellowstone Kationiil Park^ fituu which place most of our 
specimens come. In tbe Porky Mountains of Canada, and particu- 
iilnrly in British Columbia, grizzly bears are commonly found, 
ffumcrous species and subspecies of grizzlies arc now recognized. 

The common blat-k bear of Jforth America {Urms omeAmwav) 
has a very extensive distribution from Alaska io Florida* a num¬ 
ber of geogrtiphical races are m-ognized within this area. TbU 
animal has persistently held its own in some of the more settled 
.States, and, like the white-tailed deer, with proper protection isi in 
little danger of citcmiination. The cinnamon bear, a color phase 
of the black bear, is of most frequent occurrence in certain parts of 
the IVest where a geogrnpliical race of the ooaunon bear k recognizeil 
as Urtmt asitricanus eitmamoiiittm- A fine pair captured in the 
Yellowstone National Park is exhibited. Tlieir mother, whicb was 
received with them, was black. 

One of tlire rarest of aU tbe beats is the glacier bear, or blue bear 
{ rr»w» f^mmonAi) of the Mount Rt. Elias Alps, Alaska. It is snme- 
ivhat smaller than the geographicit! race of tbe coiumou black bear 
fuund in tlie same general region {Untwt ufounatnm pemiffir) and 
has a lieautiful coat of a blue-gniy color. The first living specimen uf 
this intere.sting Airicrican mammal ever exhibited in any zoological 
garden was received at the National Zoological Park in 1017 as a gift 
from Mr, Victor J. EvimB, of Washington. District of Coluinbiu, who 
secured it from a resident of Yakntiil, Alaska. It was captured us n 
smtill cub by Indians about the middle of May, 1910, at the head of 
Disenchantment Bay. The only specimeiLs ever received before this 
time were a few skins, tno!»tlr obtalnnl hv fur traders, and several 
skulls which have found their w&y into innseums, 

Tlie Jnpaiieee lienr {Ufsut japoniewt); the Himalayan hear (f/. 
fftificfonn#!; and tlw sloth bear {M€tttr«m urAnvt) are among the 
foreign heart exhibited. 
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A,\I> LlONH. 

The coiiuuyn hiirbur aeiil of the Atlnntic coRst (PAwffl is 

the typtcul apccies of n luiiEe jf^'oiip of ‘^hoir seals’^ inhabiting tha 
wwuis of the Northern Ilemisphciv. U has n wkIu rllstribution suid 
Ls found on both sliorcs of the AtlLmtic, ranging ^«ll down tlie coast 
nf the United Slates Near relntivcs are found in the iiorthern 
Pacidc Ocean, in the Caspian Sea, and in Late Bnibal, Sil^ria. Tlic 
harlior seal ia an interesting creatuTC, spotted in coat, vvilii a little 
round head, and an inquisitive face. The Hiwjimens shown are from 
the eoa.st of ilsine and s«m perfectly happy and well in the fresh¬ 
water tanks provided for them. 

The sea lion pool, just west of the benu* dens, is a popular show 
place with the public. In it are kept the California sja lion {Zalo- 
phtin caUferniaiaii) and the ^teller’s sea lion {Eumetopia* pibiita). 
The California species, so familiar to visitors to the Pacific coast, 
is the imitiial nsually seen in sliow’s of trained sea lions. It b a 
noisy animal, and the bark nf the male can be hcnnl for a consider¬ 
able distance. StcHer'a sea lion is rarely seen in captivity. Tlie park 
is fortunate in the jfossesslon of ft fine foiinde spwiinen which has 
lived here since lf>00. Tids aniroal, accoixliiig to lbs former owner, 
came from the Pribilolf Islands, but the species is cummon at poinU 
on the Pacific coast so far south as the seal rocks below Monterey. 
A full grown male of the Seller’s sea lion is an enonuoiis Iwaat, very 

inilcii larger than the female. ^ 

Feeding time at the sea lion t>ool nn escitmg ocesvsion. The 
ariiinab are fed fish, some of considerable siia'. which are haiKlctl 
or thrown to them ity the keeper from the high rocky den at the 
end of tile iwol. It Is at this time that viaitora can l«st see for them¬ 
selves what expert and exceedingly rapid swiiiiiuers these animals are, 
V fish til row n anywhere within reti son able distance of one of the aea 
iiuns rarely strikes the water, so exi»rt are the animals in catching 
them. 

TUE StARSrPIALS, OR FOUCnED MAaiM^Vl,.S. 

These interesting creatures, altlioiigii in former periods of tltno 
liaving a wide distribution over the eartli. aa^e now confined to 
Australia and America. They are separeted from ali the oUicr 
living mammals bv many structural characters. The moat interesting 
point fi-om a popular view is the fact that the young arc bom at a 
much earlier stage of development than in other mammals, and are 
plocad immediately by the motlier in tlie maraupiuw, or abdominal 
iMJUch, where tliey attach tiiem-'iclvea to tlie teats mui remain for a 
long period of growth. The newly bom young of liie larger kanga¬ 
roos are no larger than a mouse hut by the lime they firet look out 
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fif tliD opening of Liie ixiutli, some in'eeks later, tliey arc grott'n lo 
a point eoinpiirablc to the ordinary mammals at birth. 

The marsupials in Ameritu are all opo&>ums or rut-like forms but 
in Atistralin ami Tasmania there are marsupials to represent many 
of the ruriatioDS found lu the immijials of the world'—^wotf, bear, 
s<iiurrcl, flying squirrel, eat, marmot, rut, rabbit, lemur, ontcater, and 
iiioTo are all imitated in supcrfielul points of structure und mode of 
life. 

l^lsitsnpials most often seen in collections of living animals are 
the various qiecies of kungarofis, wiiUnby, and wallaroo f the 
jihalangers, Tasmanian deV)!. wombat, and opossums. 

JLiV^UAKUO^ AND WALLADlLii. 

Tlio larger species, tlie great gmy kangaroo {Macropvx 
Iho ml kii[igam> (-1/. mfuai), and the wallaifio (d/. rohuAhvi) natiir- 
ally attract the most attention. They are showy, breed wt>ll in 
capitivity, nnd lUe young animaJa, in and out of the pouch, arc a 
iipver-ceo-sing wonder to visitors, 1* rom the time when ih# young are 
first noted moving in the pouch it is iiboiit thi-ee months, with these 
lorge kangaroos, liefore the little animal flist puts his head out the 
opening. Then follows a very interesting and amusing few weeks 
during which the young is in or out of the mnrsupium at hk pleasure; 
sometimes with foi>t or head out In the most grotesque positions, 
l-'inally the mother, concluding that it is timE completely to wean 
]jer offspring, refuses him furtlier admission to the pouch. These 
kangaixKK sometimos attain a siao of over 6 feet for the heat! and 
body alone; the added length of the great tail makes the anininl 
appear much larger, 

Sevend sauialier species of kangaroos me usually kept lu the 
lioiise^ Among the most mtereating at the pre±;eiU timt; a 1*0 
lilt Parjiisi waUabj" parma)^ the rufous-bellkd wjillaby 

(J/. htHanTi/frn)^ imd the brush-talle*] rock kAUgm^Hi 

The I'uck kungai^o^ are at Uume in remgli country 
rather than iti level areas: the tall is robust than ia the other 
sprcleH atid is nut used m a gtound re^’l when the iinijinil staiikis 
rrevt. 

The nail-tailed wallaby is a small fijieeies in 

w’hirli the tip of the tail is armed with a nail-like thorn after the 
[iiatiner of the lion. 

CmiER SSAjlJjjLmALH. 

The phniringer {Trtrhi^urus i^ulpeeui^) is another jiiifstraliati 
sjwnes, largely Tmciurnal. and writh the habit of playing ^’possum 
like itri American relative. It is not active in the cages and is 
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nillicr unbitercstiiig in tlio zooi Tlio ilarktr Tusuianian fonii 
fulUjhiuaait£)i ft loucli more hnntlssomo species is repre^iiteJ by sev¬ 
eral specimens. The wombat {Phoieolomy* mitchM) is a iwwei*- 
fol heaiy-sefc brute, with large head aud only a short stump of a 
tail. It is a burrowing aoiirml and is said to live in small colonicK. 
Tins is an Australian spetaes, but a closely related form inhabits 

Tnsuinnia. . 

AU the niarBupiahi so far mentioned Itelong to a great division of 
the ortlcr known as the Dipmtodoniia, in which the front teeth or 
incisors nro reduced m number and so placed as to servo Ijost in 
pilhering tho herbivorous diet used by the animids. Wo now roiiio 
to the more essentially caraivorous or itisectivorotia section called the 
Polvprotcnlontin, in wliicli the incisor teeth are more nniiieiioos {four 
or fivo on each side of the upper jaw) and the canines are developed 
lifter the tuannor of other flesh eating animafe. 

The Tasmiitiian devil {Sarci)pJdlii*harrieU) isasugly dispositioned 
a bciust' as he is displeasing to tlio c}’C- Naturally of nocturnal habits 
he is not often active in the cage. The Virginia opufemm {Didi'Jphis 
idiyiiwaiw) is likewise of such retiring disposition that he is seldom 
seen. A Kmalt relative, called the murine opossom {MaroUisa 
fimrinG) is a native of tropical America and occasionally finds its way 
into the Fnitotl States as a stowaway in a luinch of bananas. One 
revcJitlv found hiding in bananas in Center ilarket was sent to the 
park. 

BIRDS. 

Birds (daws Aves) are often defined as “animals with feathers'* 
and this diagnosis answers every purpose for popular use, since nil 
birds have feathers and no other animals possess them. No class of 
animals haft receivpil so much popular at lent ion and few bo much 
scientific study as have the birds. Almost any single^locality offers 
a large list of species and the variety to be found during the spring 
and fall migration makes a study of the birds of any vicinity an 
interesting and isceiting occupation. On account of thoif grwit 
Ijcniitv. interesting characteristies. peculiar coloration, or groto^|ue 
apiicarunce, most birds are popular os cage i»€ts and tho collections 
in the Zncdogieal Bark an* gn^at attractions to the piihlie. Tlio great 
Qight cage near the west entrance, the bird house, the waterfowl 
lakes, the eagle cage, and niimerous smaller iiicTosurcs are nseil to 
exhibit the birds to licst advantage. Each variety is given so far as 
possible the best conditions afforded by the natural features of the 
park or the resources available for improvements. N^o complete 
systematic arrangement of the birds is therefore practicable, but so 
far aft is convenient related hirdfl are grftin»«i toj^ther. Twelie or 
more dislinct onlere of binls, areording to recent scbeiuca of classi- 
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ficatioHj ar^ commonly represented in the park by Duiuerous species^ 
and 9omo of tbe most conspicuous or interesling varietica of each 
group wiD be mentioned hero in proper sequence. 

OJ^TMCn^LIKB BIRDS. 

The enisling mcmWra of tbia group (KatiKe) atOj wiih lUe excep¬ 
tion of the kiwb of Xew Zealanth till large birdu. They are ina^- 
pablo of flight but are swift of foot and exceedingly war» ancl are, 
moreover, able to defend themselves rigorously with beak and foot. 
They are k{^n of sight andj except the cassowary^ are inhabitants of 
open oountrj\ 

Tlie ostriches are of muximum size for existing birds, a fiilbgrown 
ninJe ^metimes meaairing more than 8 feet in height. Tl^ey are dis- 
tiiigiiisUed from all other birds by having only two toes on each fuot 
The true ostriches ar& now confined to Africa and the adjacent pesr- 
tiuiis of soiithwestem Asia, wher^ seveml species occur- Tw'i> uf 
these forms are shown in the pntk. The specimeii of tlie great 
Somaliland ostrich {Stmthm 7n^?^7HlapJia^es) v?m presentcil to 
rresiilent Roosevelt by Emiwror Afenelik of Ahysalnia, and is a 
magnificent example of this fine binh Tho South African ostrich 
(;S'- au^tralk) is the species most commonly kept on the ostrich 
farms in the Southwest, where the bird is reared for ib? fcather% 
The adult male ostrich is n splendid bird in Ids black and whito 
phi mage, but tlio females and young males are of a dull gmyish- 
brown coloration. 

The ostrich is represented in South Anierjca by the rheu, one 
species of which is kept in the park* Tliis ia a 

bird of considoTiibly less size than the ostrich; it has three toes, and 
its feathere are of less commerrial imporlanoe- Like its African 
relatj%^e it is an inhabitant of the open country und is found on the 
pampas of Atgenlina and on the great plains of JsuuUieni Brazil 
and Bolivia, 

Australia end the neighboring ifilands are the homes of a number 
of ostrich-like birds, Tlie park possesses examples of two of these 
pcciiiiar types. The common cassowary gnJeatm) is a 

native of Cenun, but closely related foniiff occur in New Guinea, 
Australia, and on other islands. The emu 

comes from Australia* Tlie birds kept in the park have laid 
many of the beautiful and chantcteristic dark greeu about 10 
of w^hich conirtitute the usual clutch^ 

THE DtVTX<3 

The loons and grebes forder Colymhiformes) are perhaps the 
expert of diidng birds and their whole structurtt is developed 
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for lif« in tiifl water fftHipr than on the IftmU Mofit of the specie^? 
are rapid and strong in flight, once they in the air^ but mojft 
of thcjn have difficulty in rising and some are unable to take flight 
civeept after a mnning start over the surface of the wnter. The legs 
ft re placed far ro the rear, and on shore tlie birds miiHt either rest 
the ^dy on the ground or ^laiid nearly erect. The toons are diSicult 
tjirds to keep in captivity, but examples have been shown in the park 
for considerable periofls. ilo^st of the specimens received have l>een 
virtually tiiitamahle. although one bii'd soon leametl to eat fish from 
his keeper's hand. In tJie North American waterfowl lake oj^amples 
of the smaller grebes or “hell divers^ will be found. The homed 
grebe {Coli/Tnim mrUus}j although a particuliirly handsome species 
in spring and summer, h in winter plumage a very ordinary looking 
bird. It breeds from Alaska and northern Canada to our Koithern 
States, and in winter migrates as far south as Florida. 

TETE STORKS AND THEIR RELATIVES, 

Tills group (Ciconiiformeft) of water birds includes, among other 
fiiiiiibes, the pdicans, corniEimnts, snakehirds, liorons, storks, ibia^, 
and Ihi min goes. Most of the species are essentially aquatic and some 
are among the most expert of swimmers. Other kintls are priniarjly 
w^aders, with long legs and with the feet Imperfectly webbed. There 
is likewise great variation in the power of flight mid among the 
diveree species are fonnfl some of the swiftest and most graceful as 
well the most slviggish (^f water binls aw ing. 

PELtCASa ANU mEHOKASTH. 

The inemlwt^ of the section of ciconild Innla which includes the 
l>eUcanSj corniormds, and darters are distinguished from the storks 
and herons hy their very short legs and tlie completely welihed feet; 
even the hind toe, which b in reality turned sharply inwartiy is con- 
lUT-te^l by II web. 

The American white i^litans {Peh'cann^ er;/throtki^ji('hoit) am 
gniceful birds on the wing or in the w^ater and very clumsy ashore^ 
In the breeding season a curious homy knob appears on the bill of 
the adult bird. These peUeans arc common in the interior of western 
North America; the si>crimens inhabiting the “pelican pond” came 
from Wyoming. The brown pelican of the Snuthem iStates (A accri^ 
d^talU) and several exotic species are exhibited in summer in the 
big flight cage. 

Pelicans are foscinatirig birda to watch and frequently rewami the 
observer with some queer aiiricsL On one occasion the flock of ^yneri- 
csiii \vhite t>^dieiins in the park was seen to form n circle in the 
water, nil the birds intent toward the center^ with bills fre«juently 
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siibinor^^^d. Sutldenly tl^e csuLse of tho eommotton apparent, for 
nn& of th€!m S4^iz(?d a wat^r :aii;ake about Q j feet lonpf and toAsecl it 
f^>ine distance in the ain This net was ijinckly rept=:aied n number 
of timca by diiferent birds unill one of the pelicasis swallowed tho 
imforliLiiata Khttke. lie attempted! to keep hts prey down by holding 
his bill close to ibe body, but liketlorts were unavailin^^ fur tbe stroke 
wriggled up into the gular pouch und evmUuilly forced his w'liy out 
qf (be fH linings mouth mul escaped- One of the pelicans once swal¬ 
lowed a l■]uck'he]Iieil tree duck and retained the bird in bis stoma<’h 
for GO houFS^ but Gtndly disgorgeil it^ only partially digeste<l. VaH- 
qiiff iinuhiial objects have been swallowed at different limes by the 
pelicans t n sharp bnmtKwj cutting al>out 6 inches long workeil lia 
WLiy ont of one IjinP^^omach and was remored after St had pierced 
the Sower Ixxlv- Tlib? i>eUc3Ui did not seem to suffer in the least 
from his experience and did not miss i\ meal. Three Ainerican wiuto 
|K'Iicnns ret-eivwl ni the park October 7, 18tlT, are still living in gcMa! 
healtli. 

Xumljers of curnmrants {PhtdacrocoraJn fioritiamis) regu- 

liirly breed in. the flight cage, ronstructiug their ne^s of sticks in the 
branches of the larf,^r tre^ wUlun the hudosure-. That the^se hirda 
arc well SJttisfied with their hnnie is proved by the fact that one 
w'hidi e^Elpl^d and remained a wiiy for moi'c than a day returned (n 
the rtige^ the kec[H^r found him near I he door waiting to be let im 
iJurlng the winter rnunths numbers of cm-moraute are kept in an 
nquarium cage in the bird house where the large plate glass front 
makes iL possible for visitois to watch the binls diving and sw imming 
under water for the fi^h thrown in at feeding time. 

A near relative of the eorwinrant is the snakebini, darter, nr water 
turkey, one species of which {Anhit^/i ai}Ainr/a) is eonmon iu the 
Southern Sliitc^j and tttqiical America. This Irird nliW breeds fi'eidy 
in the flight cage. It i^ an expeit <liver and has I he habit swim¬ 
ming with the iaidy submerged, only the head and nci^k ap|>earing 
at>ove Use wiiler—hence the couiiium name of suakebird, 

riRR^lNS ANl? 

Several Bjiecies of slork-like birds are re^ilarly kept in the big 
flight cage: stime kimly kinds like the black-crowned night herons 
{iVyefiraraar na^duti) auil the greui blue liemns {Afsiea 

hfTodloit) reTmiin out rhrcnighont the year. The nigiit herons brood 
witldii the inclitsiire, and wild birds of the siaiiio sfMiciBa build their 
nests on t^sp of the great cage and in tlio neighlxjring tree ittp^ 
More ilftlkate species, inidutliiig iln? snowy egret cantiiilU^ 

tfWFia), nearly extermiiiated in I lie Southern States for thti millinery 
inidt:, iLe ciirioiK boutbill {CotiiLurma cecAicurittN), the wliiie^ 
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neokcd heion and the bc^utifiJ scarlet ibis 

all from Soutli Anieriea, lia?e pcTOiiuient in lUe 

bird honw. The roseate spoonbills { A jam ajajtL) and ^vend species 
of ibis siiiiutier in the o|>cii flight cagey but are kept in the bird bcjuse 
in Winter. 

The storks^ the menibor:& of this group of birds^ are repre- 

£^ted by several speeie^^ includmg an Aioerjcun funn^ tho wood 
ibis {Mycteria {iTiu'rkan^) which is regularly found in tJie Southern 
States and in tropicid ^UuericiL, The nniTabiiu &tork^ or adjutant 
[LepioptHo^ dribitm) Is a striking bird with a naked head and neck, 
a powerfiil Ixruk. and a white raff iibuTo lits sl^ouiders; ho native 
to the Indian region. The coiumon stork of Europe {OtTmua 
ciroiitd) flisfl the black stork (f\ are botl^ showiu The latter 

is iiii esppcinlly attractive species; idxiny black in coloft ^ith a white 
In'cui^t siTid belly, atid bright red bill and feet. The white storkK 
m^lcd ill the great flight eiige during the s^imiiers of 10IT and 1018, 

Titn 

Tliew pinkisli binls with long legs and neck and angular l>cak arc 
in many ways connecting links between the stork-like birds and tLe 
ducks and gee'5e. Several species are found in parti^ of tropical ^\Jiier- 
ica and one formerly occurred in Florida^ but tlie sjjecies living in tlio 
pelican [M»nd is one of tbe Old World fonns, the Eunqwan flamingo 
(Phanicoptenijf roxewi). The birtls thri ve in this place, bnt during 
the colder luontb.s when confined in the bird house they ai^ ibfllciilt to 
keep in good condition. 

DUCKS, □ KE.se, AXD XWAXa 

The mofst picturesque arid omariicntal of all the birds for outdoor 
exhibition in zoological gurdcn.s unt the true waierfowh the gutiie 
birds known as ducks, geese, and swans, Numerous showy spiecies 
have been domesticated or brouglit to a condition of semidumej^ica- 
iioQ and other more unusual s[}ecies am succc^fiiUy keiit in captivity 
under proper conditions* The group is cosmopolitan in distribution 
and no loss than Vh species anil subs|H^cjes are known ff^im Nortli 
America north of the Mexican Ijonier. The order {Aiiseriformal in- 
rUiiles Ijcsides the typical femily of watiTfowl a small group of South 
American binb known as the st'reainerg, 

THR NOimf AMrMJCAyS WATERt\lWX EJkKE, 

In the southeastern side of the park advantage ha^ hcen taken of 
the natural tojH^gTaphy to reproduce in a measure one of the water- 
fowrl breeding lakes formerly ao numerous in the Norihem States. 
For educational pHriK)Sefi» the Hnh kept in this lake have been rc- 
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Etriotril ^0 tliD^ spcdi!^ lamwti to occur in North America^ m enumer¬ 
ated in the check lUt of North Atuerican birds. TkireJerin^ the lake 
on three aides is a truct of land siifKcient In size to fumkh retired 
nesting plac 4 ^ fur the birds and equitable fur their varied require¬ 
ments^—woods, thickets, open hrusliy areiis^ cone^ and cat-tail 
]l 1 aI 1 dle^k Tlie whole tract is inclosed by a vermin-proof fence so 
that the birds may nest and rear their young in safety* It. is the 
intention to aliuvr in this lake ns many of the G 7 species of North 
-iVnicrican ducks, geese, and swans as possible, and a good beginning 
has been made in collectijig the birds, 

Ai the present lime no le£»s Hi an 144 waterfowl are on i:^xliibitioii 
hcrCf Including the following speciesr 

IhInTlard (/Ina# 

hlutk {luc^ iru&rfp4!«), 

Blara Uiick iA. r. 

G 4 dwiin (fAdiilrfa-fitniuF Mtreperu*}^ 
tJiaccca penclopey 
Balilpate [IT. ffmertwiwo). 
fin^n^wrlnf'ed teal (Yc^niui 
Blav^vv'liip^t tuuL (-QttcTi^ucitfwM 
Qlniiuiuoa ic^l cvcuiopfemii), 

tlnd^Iy nheliTrnke (C*a»nr«i 
PtntnII 

Wood (luck h 

CaavaabAek (MtirUa 
l£Mlhi[^d (J/^ oarcjrfotiui)^ 
l4*i^rt!r duck iU. 

nimi'a^'Aced ducli IM. 
miuw Ruoso ((7tt€n k^pt'rboreiuy 
Grader *Tbow ffoose {€. ft* afiyrnth 
BLOC RTHW (f?. 

gTOOse (C?. ttPUdlfJ, 

WIilte-fWinlLNi jrooAc <jlfi4rr ffl6l/rowj>. 

Aiiii'^rl-raQ whlti'^fnmii^l tA. *i. aaai&r/t). 

OpUnila IpMjfle ifininra runwa-pw^i#), 

|Jf. d. ftufc-ftOuinK 
Octckil ii^ I n+ ^ tn fnlia<‘f \ , 

llraal h 

namuclr irwpopjifl'i* 

iiw** ilufk {Ih-udrm?vffnff mtumnatU}^ 

WkMIlap Mwaa <0^or rt^umbisnuii)* 

TnJiiilndtT aviTBEi (O. ftwrrfiwffjn* 

^OTIC WATiqiFOWI.. 

Xiinwrotis int^restinj; nnu beatitifhl exode wuterfowl an on exhi- 
bitioD m the pelicnn iKind, in the llightcugn, and in special m^losurcs 
in Miituble plscfs throughout tlie park, f^ppcimens of the gmrtfu] 
mtito swan {Vyifnii* yibbu*) enjoy tho freedom of Rock Creek iiud 
iHSit along tL‘) 1itink& The strange black swfan of Atistraiju (CJlefio- 
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Annther foitni! In tbcs Unitefl States, but with an esten- 
sive Old AVorfd djstribudpji as wellj k the golden eagle 
rAr//jf6(r/<M). It is it fine splits, dislinfjiikhed fi^nni th^ baUl eagle 
in liny pininage by the fcathcrei] legs. 

A miinber pf esodc eagles aiid vultures^ fioine of which are of great 
sWa share ihin mge with the American eagles^ The kininergeier 
{f^f/pnetm or Iwardecl vnlture, is a large spcfeies connerU 

ing In many features fJio engle^ with the vuUttTW, It is a native nf fhe 
liighcr Tnoiintains of Eurr^pe, nnrth Africiu and and many tales 
of Its Isjlrtne^ and slrengtli have l^een told- Tlie griffon viiUure 
{Gijp$ fultmv) and llio einei'iootis viittnre {Ac^ypim monfii/iAis) are 
two conspicuous Old World species kept in this cage- During the 
early spring months Uie griffon vultun^ become very savage and 
somciimes attack their cage mates—oven the eagles are unule to suf¬ 
fer on these occasions unless the griffons are removed from the cuge. 
Two speeimens of the handsome ’wedge-tailed eagle 
audcLx) of Australia are kept in this cage* Bccanse it cats the poi¬ 
soned meat-baits throvi-n mil by the tunchers to destroy the wild dngs^ 
this characteristic Australian bird is said to be ntpidlj diminishing 
Ip uiimben^ and is in danger of oxtermination, 

IXTERKSTT^O ll4rrORi:i!!i IS THE lURD HOUSE. 

Several interesting specimens of eagles and vultures are to lie seen 
ill the bird house- The secretary bird nsrpeji/ariuA) ig a 

peculiar African type with long IcgSt tail., and wings, and n crest of 
elongated feathers at the hack nf the head* In appearance It is very 
crane-like; and is csiiort in the klllhig of snakes, Ibiardsj and small 
mammals. 

The har])y eagle I 3 a tropical jlLmericari spe¬ 

cies fampiis for its streiigfh and spectacular appeamtu c. It is a large 
species with a long, harred taih a Hue cresU on enormous beak, ami 
powerfnl feeL It is said to kill fawns, monkeys, nnd peecnries. The 
park Is [irouci of recoixl in having kept a fine specimen of this bird 
for IS ycar^ Tlie crowned havvk^eagle {ASpha?tui^ cowaa/Wf) n 
luitidsoine west African species. 

The caracara {Po^pboruB or ** carrion hawk ” is cnipmon 

in parts of tropJcnl America and ranges northward to Elorida. 
Other related species are known ffom South Aiuericii, 

\ariwiE North Am erica n and exotic hawks are also on exhibition. 
The red-tailed hawk {Buteo ia tinp of the ewnmon species of 

the Uniteii States wbicii^ with oilier kinds^ is ni' 2 ,ch pei^iUed aa a 
chicken hiiwk."" As a matter of fact this bird rankly killH cbickena 
and is ati indu^riniu) dc^roycr of noxiouif nxJents. One of the 
smaller species shown is the sparrow hawk (Fofcp ^tverius) a 
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pratty siTtd liiluabk species which many grAsshoppcrSj mice^ and 
other pests of Uie farnicr* Cooper's liuwk {AccipUcr coopen). afi- 
othtr of the smullcr eiwciesof America, is more destructive to poultry 
and birds. 

AMEHICAN Vt-LTUEZa. 

A jpvup of raptorial binb peculiar to America includes onr com¬ 
mon turkey vulture or buzzard,’^ the carrion crow, and the condora 
There is little necessity for showing specimens of the turkey viilt.iira 
ffwnr) in since many wild birds of this si>ecies nmke 
[lid park their permanent homc^ The ratired Avutxled slopes border^ 
ing the Zoo offer ideal congragating iind nwtsting phices for all the 
hnzsfiards^^ of the snrroimding country. Tho birtls arc eiieouragefT 
to remain here as im added attraftioii to the park, and many visitors 
from Xorthem States to whom the ^ buzzard ” is an unfaniilliir sight 
are delighted to ^ them at such close quarters and to watch their 
pracefiil flighl. 

An unusual visitor to the parli in 1917 was a specimen of the more 
soutbem black niltune (C&ragj/ps Uiniba)^ a bird rarely seen in a 
wild state in this vidnity. He appeared one morning wilh the w Cd 
turkey vultures about the buildings and, strangely enonglu soon lo¬ 
cated the cage containing birds of hb own species* in tho immediate 
vicinity of which hn remained for several weeks. 

The California condor (Gytfumptjps vaIif 0 Tniiimi«) formerly 
ranged northward along the Pacific coast to tho Columbia Hirer and 
was an abnndunt bird in southern Californiu. It Is now nirely seen* 
great numbers having l>eeu [>oi$oned by the mncheriB in efforts to cs- 
tcrniinfttetho carnivorous animats. A few linger in parts of Siuithem 
California and in the San Pedro Martir Alountain^ of Low^er Cali¬ 
fornia, Slesico. It is deplorable that ^ fine a member of oiir avi- 
fiLiina siiould disip|>car, but the same fate is in stoit! for other Ickj 
notable fq>pcies—even the exceetUngly beneficial ttirkey vulture* after 
long yeairs of protection, is now under the ban of miatskcn legisla- 
tinn and is Ifceoming greatly reduced in numbers in many of oiir 
Southern States. Tliree splendid spcjcimens of the Califomia oondor 
are shown in an outside cage west of lion-house hilL 

The Sfjuth Amerlcau cYmdor {Vvlhir ^rpphm) is found up to an 
elevation of IG/W feet in the Ancles^ A splendid sjiecinwjj of tJiIs 
truly rnngnifieent bird is on exhibition. 

Another striking bird of this group is the king vulture iSorc^itn^ 
phtt£ papa)^ also of South AmericH. It is a lieauti fully colored spe¬ 
cies which has a habit of strutting or dancing with the body held 
rigidly erect, ihc wings partially spread, and tlie bend thrown for¬ 
ward against the breast. 
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GAIJ .1NACEOUii U ] imi;. 

Th iH order includes all of the true foAvls,’^ domestic poultry, and 
tiso varioas Epecies of pheasants^ quail, and proiise. It is a grroup of 
birds of interest to the sportsman, since aJ most all of the so- 

called uphitid game birds nre members of the order. Many species 
of galliimcoous binb are of great beauty and are kept purely for 
fdiow ptirpowesj white othei-s are cHsily reared in sulHcient numbers 
to stock de|jleto<l covers ami provide recreation for lovers of outdtKir 
sports- Omuo have paid mneii attention in late years to 

breeding tlie moro hiirdy and Ciudly kept s[ieciea and are now turn- 
hig tlieir attetitio!! Lo cxperinieiiUd work in ttie hatehiugand i-earing 
fif llie niorc didiculL native vsirietii^*^. An area of considerable si?ic 
in ti retired part of the Niitioinil Zixdogical Park hm been set aside 
for exiMrimcnta of this kind, and particnlar attention wiJl given 
to the Xorlh American quail and gi^itise. 

Peafowl (i*av& vrxafillup) j wild turkeys {Mehaffrh ffaltopai'‘& ^ilr 
i^estrh)^ and bob white quail roam at large and 

iic^t within the bordet^ of tbe park, but until a auitablo pheasant ry 
can dK cstubliiibed tlio eshibition of gallinaceous bir^ mujat ueces- 
iMirUy be restricted to sucb iipecies m are easily kept under oi-dinary 
conditions. A few showy pheasants^ two species of African fi^nto- 
lins, and several American forms of cjuail or partridge are kept in the 
bird bouse. 

The ciu^^ssows ai’c fine, large gallinaceous hiribi found from Mexie<j 
to South America- There are a number of species, two of wdiieh 
are shown—the Mexican Curasaow {Crtu; f/lobtccm) and Dauberiton'a 
cnnisaow {t.\ daui^mt&tu). Unlike most of the fortii:^ of this gioup 
of birds, tJie curas?ovr 3 are largely arboreal in babit and nest in trees. 
The fciitliers of the buck and I'lunp are always* soft and downy, unJike 
tbose of the other gallinaceous g^niie birds. 

AND TllKlu ArJJKS, 

Thift group iG nil formes) includes tho craiivi^. niils^ car ia mas, and 
bustanis, m wel) as pome lesser known forms. It lias a wide distribu- 
tion, and as its merntx^rs are frecpienlly chisseil as “ game birds it has 
n great (lopiilar interest. The cranes comprise some of the uicwst 
tallowy of zoologiral park avian exhibits and are now much sought by 
private eol lectors of living birds- The remaining families within the 
order are Icssnfteu £9ceii in sr/jologicol gardens, but tire„ nevertheless, 
all birds of mnre than ordinary interc?^t to tlie ornilbologist. 

One of the finest species, the great whooping crane {ffruji oinen- 
is bordering upon extindioiu It bred formerly from northern 
M!ackenzie south to Illinois and Iowa and occurred commonly in mi- 
grations through the Contnil and Southern States. It U a splendid 
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bird; whit#, wilh black primaries and prinmry coverts. Naturally a 
wild EMic] wary eronturct rnpidly became scarce after its breeding 
grounds were settled by man, ami it is now Tirtiially impocssible to 
nbtEiiii specimens. The park la fortunate in the possession of a fino 
example. In siunmer this bird lULiy Ijo seen in the great fligljt cage^ 
but in winter he occupies (iiiarters in the biixl lionse.. 

Tiie s 4 tnd-hiH cmne (tfru# is imother American species, 

still eummon in parts of Florida and in the We^em Stales^ Like tho 
white eriine it is a shy bird and difficult to secure, and the rapid set- 
tlenient of its nmge bas tmLurally greatly reduced its numbers. Tu 
parts of the upper Missiiisippi Valley, wheitj it foriiierl}" bre<i but 
now' occurs fmly in migration, it is a bird of the prairies and com- 
deItU where its bEtbit^ are much the same as those of the t7anada 
got]«e. i>ma!l flocks dying low over tlie prairn^^t to and from tire 
feeding grtuinds, are easily mistaken for gMiSe, but when the birds 
are niigrEiting, in gi-eat circle^ high in the idr, there h no cuilsd for 
mlsidentilkalion. At reRj^nable range, flying emnes are readily 
distiiiguislied from geese by tlic long ]eg¥^. extending liackward ; imd 
may- Iw jnstanlly known fi-om the blue heron (often erroneoiisly 
railed bltie crane) by tho long neck, which is held extendcfl fonvard. 
El ml tiever folded buck as with the hei-ons, 

A number of exotic cranes, some of striking appearance, arc regu¬ 
larly kepi in ihe park. Of the genus Grus a number of Asiatic spi^ios 
arosliown, including the wiiiLe-necked crane (f7. so often 

]>i(:tured in ^Japanese drawings: ibe Indian white crane {O, Itniz-o- 
ffcrifTU(s}[ and Lilfoixl's cninc (G\ infrmU)^ whirb represent a rhe 
common European crane in eitstem SilH'ria. A fine Austnilian spe¬ 
cies 13 often called the native cmnpsinion.” 

The Di-mniselle LTam? {Afitliritp€fifle9 rir^o) of soiithem Enmpe 
and Asia and northern Africa is a pretty little species with white ear 
tufts; and the crowned crane of Africa {Halc^irlea p^vmhM] is a 
still more hanilsome form supporting an erect occipital tuft which is 
dwdtledly shon^* 

TIIK CARIASI.^. 

A irruup of ^outh Amcriran bircls, now known to bo somewhat 
distantly related to the cmnes, incliidei^ I he carlaina and the chung:iH 
The carinma (f*ar{a/iuL might well be called the Ainericiin 

secretary^ bird, for he not a little resembles that fumoiis birti of prey 
of Africa iu general appearonre.. iiiu] has’sdme of its luibits as well, 
Tho curiDitm inhabits the high, open country of Brastih Paragniiy, 
and nnrtliern Argentina. Its food is mainly animal, but it also eats 
berries It is protected by law in ftOTim dislrict^ as a dei?tfoyer of 
snakes, and bsdng cosily tamed, is Bometimes kept about poultry 
yards: 

OM mi7— ^ 
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Specimens of the Amerjcnn C(Mtt afiiC'ricittui)^ it present inj! 

tlie rail fnnitlv. may be seen in tbe North American wnterfnwl lake. 

bird, often eailcd the “mud Iven,’* or “crow duck” baa a wiile 
diatrilmtion in North America. It brce<l3 from cnjiitral Canadiftn 
Prorincqs south to Tesas. Tennes.5«e, and Non- Jersey; iind winters 
from ibe Central States to northern South Anierica. In matiy plncea 
the coot is claased ns a game bird, and properly cooked it provides 
a very pal lit able food. 

An* intcfesting flightless rail from New Zealand, known as the 
wekn, differs greatly from our common members of the family in 
habits, as it is a bird of the forest and scrub rather than of wet 
marshes or lakes. Although the wckas have Impcrfwtly dcrcloped 
wings., and am incapable of flight, they arc expert- climbers and the 
incl^rc in which they are kept must be covered completely. They 
are of the siae of a well-gi-own pullet and are quarrelsome and mis¬ 
chievous, even amoug others of their own kind. Tliree species 
dr^mtis aifttralii, O. irflcAypfiTv.f, and 0, edr?i), all from South 
Island, arc on exliibition. They were rKCived as a gift from the New 
Zealand Government. 

STTOttE BIRDS, GULLS, ANT) riGEOXS. 

In most modem systems for the classification of birds, the snipes 
siiid plovers, gulls and terns, auks, and pigeons arc grouped together 
in a single order {Chnradriiformes), which takes its name from the 
typical family, the plovers (Charadriid®,) A few species of “ shore 
birds.’- as the plovers and snipe.'i are Usually called, mid some 
gulls, are regularly kept on exhibition; but the chief interest in the 
order, so far as sioological gardens are concemeil is concentrated 
on the suborder Colurnbte, the pigeons and doves. 

Tlie shore binls are diillcult to keep without the specially pre¬ 
pared quarters which it is hopetl the park can sometime arrange; 
lull from the fact that n specimen of the ruff {PWi/imclim 
was on exhibition In the bird house for over 10 years, the oiitlotik 
seerns ciu-ouraging for stiHcss with other species of this interesting 
fflmilv. Avocet.s, stilts, plovero, cur Jews, and many of the larger 
Fiiipcs, should lie IIS easily kept as the niff. 

Certain meinbora of ihe gnll fmiiUy nre to be seen in the big flight 
mge. These include the liirge herring gull {Zonor a 

species common to the northern parts of both EurD[» and America 
which has nested hero; and the more tropical la ugh if ig gull (Z, 
iitrvVWd). a smaller, more graceful species sometimes culled ilia 
" bliick-hesdcd gull,” A single ^peoimen of the t ireat black-backed 
gull {L, m.'fTur'vi) has lived in tho pirk since “Billy.-' as he 

id hiiuwu to every one, w‘as istUl in imiuature plumage when he ar- 
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Plate 42. 



Or^at black-backeo Gull 
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riv^^ from Lnbmdor- is everyhi^ly'^ pet, but on ao.'ount of his 
qiiiimplsome disposition he can not he placed in inelosiires with eny 
hut the Ijirj^r birds^ During the suinnier season Billj lives in the 
peUcftn pond, and uJthongh he lords it over tho white pelicacuj, 
storks, and swntifc, he is iiiiBble to do them serious damage. 

rjojgtjJC.s, 

K’limrrotis species of doves and pigeons are kept in the larger cages 
of the hlrrl hoiisiv These include representjitivea of the group from 
many parts of the world, oiid form a very attractive exhihit. The 
soft coitus and heautifid forms of the various spctdesi, as well as their 
pIcJLsiiig notes, make them gn-at favorites with nlh Among tho 
larger and more slits wy forms a no the snow pigeon ieu^ 

of tho mount^imof centitil Asia, which has the neck, lower 
hsickn and hraist white; the bamhtailed jdgeon {Chiprmnm 
of wesdem North America^ frequently confused with the prolnihly ex¬ 
tinct passenger pig^n but which may Ijo rcixigulKud from that bird by 
ir^l short, even tnil; and the great* plump woiiga-w'onga {Leue^^mircia 
of Australia, curiously marked with white forehead and pec¬ 
toral bands. 

Opposed to these hirger species are some groups of small doves, 
found in both the Old Workl and in the warmer parts of Amerma 
w hich ore particularly noticeable on account of their diminutive sikc. 
These include the Australian and lUftst Indian members of the genus 
known as the peaceful and zebra doves, and the little ground 
duves {CkacfnepeUa) und Inca dovc^ of the smitlieru 

PnitcKl States and tropical AmerlKi. 

An interesting Amcrienn dove, called the bU^C'heodcfl qtiail dove 
cyanoef.ph/7l^)j Is u handeoniB specie^ confined to the 
Florida Keys and Ciibn, where it is said to l>e rapidly decreasing hi 
numbers It has a large black throat x:»nteh* extending dowu to tho 
upper breast ami hoixlered by whitish* a white stripe under the eyc^ 
and a rich blue crew n> Tt$ habits are saul to be decidedly quail-like 
and It is known to the Cuhans by the name of “Peixliz.” 

The Aufftralian crested pigeon (Oci/phop^i hpfwf&t) bus a long 
black crest which it frequently erects, at the same time elevating tlio 
tail until the two almoi^t meet. 

n'CKOfiS AXD rAHKOTP. 

Thp cuckoos and plantain eaters and the grcnl Iriljo of parrots, 
mam WE, and cockatoos form the oirlcr Cncnlifonuea The first, 
group is poorly repn^nted in the average zutdogical park cedlec¬ 
tion htit the parrot?^ and thrir kindred usitally form not a small pro¬ 
portion of any evhiWtinn* ntid certain sprclc^f are almost ns familbr 
to the average person ns i^ the comuioti conary. 






5S4 ASTNUAL EEPOET BUTTUmyiAK IN^TlTUTTOKip lOH* 

The plantain eaters iiiv confined «o Africa. One s^ies, the 
crested tmimco {Turaom c^rt/thdir) may be bccb in Uio bird bovi!^, 

Iq this species the outer t4» ia coni[>leiely reTcrsiblc; at ono inomcnt 
the bird iimv be perched with three toes forward, the nwit moment 
line is stattiwi to note but two, the outer toe having lx*n quickly 
tiirnefl l»ehind. Tho pUimnpe of the anterior half of the body is 
of a Tieautifiil green, the bill, eye ring, and some of the wing fciitbcrs 
red, and fbe erect crest is tipped with whiter 

fAKRora* 

r^rioL-, InelartliiR iniininTi. cockatoos lortw. immaneiB. etc., form one «t tli® 

1,11.^1 Ntroncly nairkcil k«iiiw of kltda. ns eoallr rei-ennlwHl ky tliclr pw-allBr 
oitcrnnl flsoDct as ilenanl by nnammlciH utructwc. * • • Tke toapae iR 

and rteshy. It. pi nera pcrtillarly hna<hy: It Ims a konw nail on lUa 
nmler side at the end like n hiiciaa flnser, and will, tkio and Its impillre or 
rrinin? on tlic otlier side focniH il lU'llcate tactile nrRna. AbUlti 

nrllmlnte kmann In one of tl.« most nolorlnu^ !, 

..Its- ‘ ■ * riimliy. It may <" cotewHon tliiit the Wn 1" «m^I 

in Wio.brr.i», like a han.!, the nnwr tnnn.UWe lalna o.iteb ntor.v freely mova d- 
open the skull than U tisnal maons hlnba This molitllty ts 
ttrticnlatlan Instead of ™i«re of the masillie, prcninylllftt. nnd nasnlB tMtb tin 
frnntai. tnlutals. ami JuenT... Tlio tunt.illbiilar .^ympltyslo la rtroi.R, slinrt, niHl 
oWiise: (he lower 3aw la like a Ibamb as o|ipOMd to the finEerlike niTer J«a. 
nbd ibe laws as a rn HeiMdle orpan may Tk* likened In the clnw of a lol.aler, 
{Cones,) 

Over oOO of parrots iiiiiil tliwir ill lies fire reco^i^wl nm! 

ihese arts dislributeil tlirougUout tbe tropical coimtries of both tho 
Old World and Anicrica. Pamot-s arc not confined to tho Tropics, 
however, since Austndtiv and ^ew Zcaluml support many siJeci^s. 
and in Jforth America tlm Carolina panibcet formerly ranged nortli- 
ward to WisconBin, Australia, Xew Guinea, and South America ore 
especially rich in members of the parrot It-ibe. 

There'IS sliravs ft good roprt^^ntation of those birds in tho 
National Zoological Park. With the qaception of Omj specie^ kept 
in the outdoor macaw capo near the west gate, all arc cshibilcil in 
the bird house. In the outdoor cage may l» seen several hardy 
EptciRi—the hara eved codcatwi (fVr/>f/wir the beautiful 

rUeato cockatoo {>. rtwc^piTIff), the red and-blue macaw {Ara 
cKloropUiit), and ilic lod atid-yellow-and^blue macaw (A. macoo). 
The cockatoos tire native to the Australian region and the Pliilippme 
J<dand$!. Thov are handsome birds, but their dirill shrieks are 
unplcasaut to' henr. Seveml other species are shown in the bml 
hmiae. including the sulphurs:rested {C, lynferiio). a white speries 
with vt'llowish head tuft.=i native to Australia and Tasmania; the 
white* alia ); the great red'Crested {<?. fnafucaeiuix ); and the 
bcanUful rosy-tinted Irfindbeater’s cockatoo (C, Ifadheait^). 

The macaws are tropical American binjs, mosUy of large size and 
gandy plumapev In addition to those in the outsicle cage, other 
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s|}eci«s. including the yellow-aiid-bluts '{Am ararfrutta) and the 
Ilniziliftn srttn macaw (A. severs) may bo seen in the bird house. 

The Uiick-billed parrot {Rhyuefietpsitta pachprAynchs) is the only 
member of the parrot group, excepting the almost extinct Carolinit 
parakeet, known to occur in the United States. At intervals a num¬ 
ber of ycara apart, flights of these birds arrive in the mountains of 
soudiern Arizona, coming out of Stlexieo. The si>eciincns shown were 
captureil in January, ItllS, in the pine-forGsted Chimeahua !Monn- 
tains. when the ground in the higher altitudes where the birds feed 
on the pine seeds was covered with snow and the teinpenilure stootl 
at 10 above zero. The thick-blUs are exceedingly noisy birds tmd, a? 
they viaileJ the Cliiracshuas in flocks of loO to 300 individuals, must, 
liavc presented n spectacular appearance in this wintry environment. 

A gronp of parrots known ns tho Amazons occur in tropical Amer- 
iea. There ora about SO species known, the greater part, of wliich 
are green with red markiiigri in some part of the plumage. They 
lire common rage species and include some of the liest of ‘‘tidbcrs.” 
['uliku ttio macaws, all have sdioii toils. The collection now con¬ 
tains the following species of this group; 

f’liliHn fmrrot ^ . 1 jjir<iitii*ha ^f*iJiYPfii 7 iftrtJjTL 

^jiDta Doiiilikiia purrot [A. rftUnaJit)p. 

LM^rmt (. 1 . 

] 4 Ali:^-cotoretl imrroc <A. /iirlumm inf^rnata)* 
jiaiTfiT {A- 

jwiiTcit (_ 4 * (MtriwtTrwwiJl* 

Y<4lfiw-imrH^ iMirr<>t (A. 

Vellow-h«Klifl M- 

< kranffjiarruL |A- fTHtaraiiiTriik. 

(Mirrut ! ayfhuiiiiufM). 

^Vblte-£^urIle^] pstrrot CX ai 5 f/mHJL 

An Afric^pii !?]>eciea whi<?h is crt^nniderod fully equal to mmf^ 
ut the Amasorui us a taLter is the gray (Pd&lacm erit?uicu^) . 

Tt is an ^ahy gray in color, vilih bliic^k wing feathers anti red tail 
A very attractive group of jiarrcjis* many species of wliicli are popii- 
lur ay cage birds, is the group known as the pamkeets. These are all 
stiiall birds, some of tlicni actually diminutive. One of the coni- 
jiiojicst forms kept us n pet is the shell parakeet, itr Avi^^tralian gensa 
pamkeet ujtduliitus). Tliis species bixicds in cap- 

livity, nesting in a small box plawd within its inclosure. In a wiki 
state it is said to ft4x?k by thoasarnie and spends a eonsidei'able por¬ 
tion of the time on tJia ground^ feeding iqxai the see<ls of grasses. 
The love bird pulktria) lielongs to mi Africim section of 

the parakeet tribe and is alyo ijopular aa a cage pet. The park is 
foiluiiato in the pos^aHion of a spicndiil spetMiiien of the black- 
tailed parakeet a bandsoine Anstralian si^ecSes 

now very rare- 
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The Aiistnilmn rcpatJ uihabitcHl by anritUer ^^mup i>f l>efliitlfu] 
parrtitB kn^n^n Jtjrieaiy several speeies vf whick are u^iuaUy e^t- 
hibited. 

One of the tnt^t retnurkabb of nil ibe parrot tribe h the kvjh or 
momitniu parrot {Sector' motabUis)^ coolixied to the Soutli Mund of 
?few Zt^aland. Tliisbird was fnritierly abimdant Iti the inoiintainouji 
ptirts of this regiem lust owinp to its ari|uire(l habit of killing abetsp 
has been so redticwl in tiumlx'jra that Kpecinn'iis rii’e now very difficult 
to obtain. The flcKrk exhibitetl in an outdoor aviary near ike binl 
house waa rrreivetl as a gift from the Now Zealand 'Goa eniuient. Tt 
AVttis more than lb ye^irs after Ike keij was first tUscovered iu 1S56 be¬ 
fore it was suspected that tbifi bird bad developed the habit of kilting 
sheep, and tbenj couriderablo doubt expreswd for a n umber of 
years. It has b^n dchnitoly proved since that althuLigh oil the in- 
dividimls of tlic species have not acquired this remarkable changii 
of habit, nmtiy of the birds do really kill full-grown slieep. The 
kca lights on the rump of the sbeep« clinging to the wool, and driven 
his sharp beak into the unfortiinate animars l>ack- The fat, tle^ili, 
and intestines of the sheep are eaten by tiro birds, who freciuently 
go in large flocks, 

KTX«rT?5HHtiS, nORXBTLTlJ?. AX1> OWl^. 

The kingfishers* liombiUs. and owls are members of an order of 
birds (Coniciiformes} Avbirh includes other seemingly unrelated 
families—as the wniHlpiH^ki^rs^ humming birds^ goat-suckers, and 
swifU. It is what Cones rails a ^^iniscel hi neons ass^jrtment* grouped 
togrtliLT more because they differ frcmi otbor birds in one Avay or 
another, tiiaii on account of their resemblance to one imother**’ Re¬ 
cent aniUumical studies have, however^ shown the actual relationships 
in many cascis- 

Passing through the biid house one may be suddenly startled by a 
li>ud* rapidly executed* and piolunged cackling laugh. This is from 
the throat of the giant kingfiaficrj or laughing jackass 

an Aubtralian bird reluUtd to uur connuon American king¬ 
fisher. hut of n decide^lly greater size, Xcar by is a repmiCntsitive of 
the hombill fauuly^ ilie concuvo-rasijued homhill (Dkh^ei^s it- 
r&mk)^ n native of the Malay region. Hornbilb are found m the 
forests of Africa^ India, and many of the eastern islands, oud are 
hunted for foot! by the naiivt^ of some districts. In many regions, 
however, tlu^ grfjtesque birils are it?garded w'lth ctmHidr.mhle siip^ir- 
stition and are raindy molester]. Thttisi' remarkable birds have a nittet 
curious ne'^tiug haijit. A large cavily in u tree is selected for the 
nest and the female hornbill Is con lined therein by a plaster wait- 
Isoth birds apparently taking part in the procu® of masonry, which 
uiake^ her a prisoner until the yuiing arc Liateheil During the in- 
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cubfttbtt period hbo is led by ibe tbrougU .i small hole left in 
the wall, but is said to t^mc Wi iu a unicli einaoateil and dung* 

bespattered condition. _ . 

Ill an inclosiirc near tbo big tlight cage are some 15 spccimejis of 
the great liomcd owl (ifuio one of the largest of the 

American birds of prey, as well as one of the most distnictive to 
smaller birds. Ollier owls, including the blgldy lienehcial speci&s 
known as the sciriecU owl {Ofua (him>) and H'o bari^ owl 
varia), ate kept in the binl bon=e. 

Till*: rEuciiixrt tuui>s. 

Ufore than half of all the specie.*? of birds known in the world 
belong to the order Passeriformes, frequently called tlie ‘‘perching 
birds,” and typified by the sparrows. There are numerous families 
and the vast niajority of Bpecies ate small or mcflium sikkI birds', the 
largest iiorlh Aiocriom species are the crow and raven. 

In some of the larger cages of the bird Uouao nuiAcious species of 
this order of birdB are shown. Tiiere will be seen many of the more 
familiar native fijwciisH as well as rate and bean t if ill esotics. In 
near-by cages arc some of the larger representativea of the order, 
including ravens, crows, magpies, and starlings fioiu various comers 
of the earth. Among the most attractive of the smaller birds are the 
numeroite species of the finch or sparrow family of whidi the com¬ 
mon canary f-Ssrtmw camrius) is a familiar member. 

The weaver birds, nalive to Australia, India, and Africn, attract 
a great deal of attention; this is especially true of the species known 
as the pomdisi; weaver {Sfcg<niwm which grows tail 

feathers of great length in the breeding Keason. 

REPTILES, 

Reptiles (class Kept ilia), as dcrtinguisHcd from inammals and 
birds, are oold-blootled." Tlic teniperaluie of the animal is greatly 
influenced or even regulated by that of the aurrounding air, or of the 
water in which it lives. There is conRiderable impulnr confusion as 
to the distinctiuu between reptiles and aiiijihibtans, sotnatinusa called 
batrachians (clasi Amphibiu), including the frt>g^i, toaila, and sala¬ 
manders. 

From HatmehtpEls. illffer la lifcalhlap by Iliads dnrtnjt the wbola of 

tbelT asiateace, and aoi tuy Ktlle an da tlie rormer littriiie at least [lart of tbetr 
life, nail by tJie fact Hiat the akull, whlrft In Batrachlaox, aa In Manana Is, nr- 
tli'Qlati^ with thif vertebral (>uUinia by two rounUeO hnoba or «M«lylna, la tn 
HeptUc^ attache<J an In UWa by a xlnBle eoa.hle. tTallltfi Catrachlana, they 
araleiiia ho ij»tanioPi>bost», being bora la the coaOldoa which ihcy wUI retain 
fttr the whole of Ibolr Ufa, In the mnjorlty of Ht'iUUw tbo Hkln la eoveie*! 
wlUi scaliw or Nhlelda. while In Bamicblana It K with a few* CKi'i^ittuaa, 
MU Icon. (Ibiuk'ni.'i'r.) 
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Tlirthu orders of reptiles am ropresoriied in the park collections* 
These are the thirties and tortoises (TestiidinLita)^ alUgutom iind 
crocsodiles (LoricatA)i and the lizards and makes (Squiiimita). One 
of tlie urgent reipuremenU of the Xatlonal Zoological Park Is a suit¬ 
able reptile hoti^^j where larger collections of thesis intorosliJig 
creatures nniy he exhibited. At present the reptiles are kept In 
quarters in the lion hon^a}. 

TJTRTl^. 

Those turtles living entirely on land are often arbitrarily dis¬ 
tinguished from tin' aquatic Species (true turticsl and the semi 
nqiiatic foroiK {terrapins) under the name tortoise. Some of the 
tortoises are Email in size, like our cuimuou bos turtle of the Baj^terii 
States: while others^ particularly some of the bland specSeSj grow" 
to an immense siste and aie supposed to Ijvc to a greater uge tbai^ 
any other imiinals. These giant torioises are now known only from 
a few islands in the Indian and Facidc Oceans, on some of which 
they were excessively abundant up to comparatively recent years- 
Visiting ships have now so gi-eaily reduced their numbers that on 
most of the islands they are completely or almt»sb exteruimated. On 
rertain of the Galaiiagos Inlands, some uOO miles off the coast of 
Ecuador, giant tortoises were foimd in grt^at numbers w itlun tlio liuit. 
ccntuiw? and on coilain of the islands were fairly comruun Icia than 
2Q years ago. In additlDU to the thousands carried w^vay by vtsaseb 
as food for the crews, great numbers have been killed for the oil 
alone* 

A number uf species of giant tortoises have been described frtmi 
IliP Galapagos, and it is believed Uiat inoet of the islands of the 
ardiiljeliigo have devcloijed separate, forms; and on at loastt one 
island two distinct species were found, separatei] by a natural har- 
ricr» The food of these curious creatures is chiefly gross, altliougli 
at cCi'tuin seasons a great quailtity of cactus is eaten. Ediuutid 
Heller, who visited the Golapugoa Islands in ISOS and 1800 , col¬ 
lected one specimen which Imd tlie whole palate and pharynx 
hristling with cactus spines;, and noted that the tortoi^ eagerly de¬ 
voured the stems and fruit of the cactus quito unmindful of the 
opines and apparently without suffering. Heller states that ihc 
tortobes are quite active, imrl thougli slow are so pcrsiistent in their 
journeys that they cover several miles a day. 

Specimens of two species of Galapagos tortoi^ wm*e ohtnim^ fur 
tho park coJlection from the material collected by the T?otli$chihl 
expedition to the iKhiuds in ISffT. The Alta^nnarlc Island tortoii^ 
{TtiiNdo cicoirt) is jierhaps the largesl living tortoise, and speei- 
mem have beeu known which were over 1 feet in length jjid f>roh- 
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RhlTT Weighed nearly 400 pounds, Tim I>unc^n IrIjiiuI toitoiso 
^p/dppium) IB somewhat iiiimiJer. 

Tn tins pine barrens of Southern States, a compiiratively largo 
tortoiee* curious for its bun-owjiig habits, is known ns the gopher. 
This Species {G&p&erus potpph*:^U!i) giws to a length of IS inches 
and a specimeri almost of that from peninsular l?lorida is on 
exJiibition. fnke the giant tortoises IhiA species is herbivorous and 
is partiLnihirly fond of fruits of varLaUij kinds. Keluted s|>ocic^ arc 
fciiind in Uie und regions of the Southwest, and in other parts of 
tlie world* 

The CoiBinon tortoise or box turtlf' {Ttyrmpfinff cdmiiTia) is 

found w^ild within the park. It it a .'smaller species than the gupher 
and the plaistrt^ri or lower shell is ^ hinge^J as to fwriiiit the aninial 
when alarmed to ck^ itself completely within its armor* A tvestern 
species {7\ Of'jt/itu) h; also shown- 

Specimens uf the couunon native snapping turtle are sometimes 
captuml within the pjirk* t)ne of tlu'sr rei;»tiles caused considerable 
damage ainqng tJie waterfow t in Ihc beaver pond before he wna 
finally caught by the keepers, 

ALTJGATORR, 

Tho Common alligator of the Southern States {AHIffafor misfth- 
ftippu^iuth) is well known to a large pi’oportion of onr jieople; thou¬ 
sands of the young have Iwn carricil by tourist*; from Florida to nil 
parts of Liic United Statc-^* The species formerly was abundant in 
fresh-water streams and swamps thivuighouf its range—north tn 
North Carolina and west tlirough the humid ixjrtions of Texas, 
Tn all of the more accessible and settled portions this I'eiptilc han 
sufferetl greatly from hiintersw professional and amateur: and In 
nio^. parts of ha former range^it is now a rare thing to see an alli¬ 
gator of any size- In some of the streaim: and swamps of the wilder 
places within the Gulf States, however^ it is still [xissible to find 
aliigutors from C to S ort> feel in length; but the 10 to IC foot rep- 
tiliss are practically gone. 

The nest of the aUigator has frefiileutly been descrilied to me by 
old iT^ident^ in t<'loridR aj^ resembling the nests made by the wild 

mzorhack hogs of that country. It is a great uiound of mtick, 
grass* mosflt and fitiefe: plneed in a retired spot, and is said some¬ 
times to be carefiilly gitarded by the female- Tlie numerous eggs 
are batched by heat generated hy the rotting vegetation, On very 
g^^od authority it is stated that the Floridn alligator deposits its 
egg^ m the sand where they are hatched by the heat of the sun, Tn 
Sfime portions of the i^tnte ibis is doiilitless the ense^ but the building 
of tho nest <if vegetation is the ctumiion liahit in localities with which 
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I luu fumiJinr. 'I'lie imr or bcUow of tlic liirgcr ulljiJLUora may U‘ 
hcanJ for a tronaitlerable distance and while buntiiife' in Ihe earii- 
brake region of northeastern Louisiana in early spring 1 have lam 
awake in my blankets far into the night listening to tliis stnnige, 
\riei'J call Along Ute Mississippi River below New Orleans where 
the muskrats have caused such serious losses through damage to the 
Ictccs, tlie alligators, i-ccognizcd an Oie principal natuml enemy of 
these hiirrowers, are protected by local laws. ^ 

The alligator [Xjol in the Zoologiail Park contains about 25 siJCCi- 
inons of various sizes; hut the smaller individuals, soiuo under a 
foot in Imgtb, have special <|iiartcrs. Tlie larger alligators are cjiii- 
iiihals and when hungry do not hesitate to swallow the young of 
their own species. 

THE LTSCAIIDS. 

Most of the American lizards arc giiiceful and innocent creatures 
and many are beautifully colored. They arc ns much n delight to 
students of reptiles as our warblers are to the ornithologists. There 
are, however, two large species, found in the South west and m 
^lexica, w'liicU are dangei-ous reptiles. They are known as the beaded 
or tuberculated lizards, are slug^sh creatui'es inlnibiting arid situa¬ 
tions, and are the only known poisonous lizards. 

The (iiltt monster {ffdi>der/na«ii«pjectxf7n) is known only from por¬ 
tions of Arizona^ New Mexico, SiHJorn, and southern Nevada. It is a 
comparatively large species, gmwiiig to 20 inches or more in length. 
In color it is brown or blackish, marked with numerous rings and 
blotclies of yellow or orange, Tito upper parts are heavily beaded or 
tahereulated ; the tail b fat and stumpy, and the reptile present-; 
altogethor u dangerous and terrifying uppearonce, On account of 
his notorious disposition and liecause of his polsonmcj bite, the Oila 
monster is miich dreaded by residents of the region in which he lives: 
and the reverel specimens on exhibit'um attract great attention. The 
{Kiison glands are situated on the outer aide of the lower jaw near 
the tip. Wlien biting the Gila morwter holds on like a hnlldog so that 
the imison mny have time to Iwcotne iihsorWi in the wound. No 
apecilk antidote is known. 

The iguanas, large lizards of tropical America, are re]9resented in 
the collecthui by tVit- rock iguana of Mohu Island, near Porto Rico. 
This sja-cics (Cycjvrtt adc/zicym) snaietime^ reaches a length of over 
3 feet It is a gronntl-inhabiting reptile and b chietly vegetarian In 
diet. Iguana-; art- much sought by the natives for food. 

Several species of the commoner lizards of smalt size, native to the 
SnuthL-iistem States, are slvowii. The glossy hlue-tuilcii skink 
{A'umcos (i/irt) b one of tim most tmndsome of the east¬ 

ern forms. It is oimnum in pii^e woenb, especially in the South, The 


SmIthMnlan Report, 1^17,—H oil 


PLATE 46;, 



€mIIA Mnfl^R. 



^UMF^^TArLEB Ll£ARP$. 









NATIONAL ZOOLOGICAL PARK-ROIJJSTEH. 


691 


rou^h-scaled speckii. known ns Uie swift (Scehpc^rtiji uiid 

ihs little liscard^ tilled the “diAmeltfon ” {Arwl!^ are 

both abundant in favorabk localities in iwany pails of utir Southerti 
States. The latter species has the habit of changing color and may 
at tiaxi'S gciiy, gn?cnj or its aornnd iituide of dull brown. 

Two interesting species of Australian lizards on e?ihiUition are the 
Iiluc'tongned lizard (Tiliqu4i »cincoM£s) and the stiimp-tiiil (TratAy- 
muras The bitic-tongue grows to a length of nearly 2 feet 

and, us itanaiue implies, is provided with a lurge ile^liy tongue of a 
brilliant blue in color. It is duggish in habit and is particularly fond 
of bananas and other fruits and milk. The stmnp-taUed liziard is 
auoUier sluggish species, reaching 14 inches in kngtli. The tail is 
broad and flaUeiied and the reptile has the habit of giving it quick 
jerlei, so that at first sight it is puzzling to dj^tingxilsh the head from 
the tall. It is said to kill snakes. 

R.NAKES. 

While it is probably true ibaf the great majority of people dislike 
snakes it is also true that a eolleetiun of these reptiles attrarta ex- 
traurdinary altentioii and adds greatly to the interest in n ziHdugical 
park; Tile larger snokes in partieulnT are a nrrer'Ceaaing Boureo 
of wonder to vLdtoti^, ami the more spcetacular of the lesser species, 
like the rattlesnakes^ uro almost m popular an exhibit. 

The prize spocimen in the snake departiiieiit of the National Zoo¬ 
logical Park is a fine example of the onneonda 
or water lioa, of Sonth .\mcrica* Tlie anaconda k I he largest of 
the American snakes and aonietimes attains a length of over 20 feet. 
In color it is a yellowisii green, marked with blackish spots. Ann- 
condns are essentially aquatic und spend much lime in tlie water, al¬ 
though they are perfectly ni home in trees and are expert climlier^ 
llie numenms young arc bom alive. The largest spetnmen in the 
l>nrk collection has Iwri here smee August 17^ I899j and wa^ a gift 
from the governor of the Stale of Para. Brazil. 

In ft near-by cage are Ihree specimens of the Indian python 
{Pi/iA^n native to India, the llalay Peninsula,^ and Java. 

Tlie largest snakef^ known am of a related species (P. reH^Hhff m) j 
there aro ap])arently reliable recorils of individuals over 30 feet m 
lengths Pythons^ like the boas, are constrictors, and kill their pray 
by enishing. The pythons lay ®gg3&H, which arc hatclnd by the mother 
who etjils around them. The eggs number from 50 to 100. These 
makes are particularly foinl of climbing and the specimens in the 
)iark collection epend much time coiled in llie tops of the small ir«v; 
within their iufjosure* The diaiiioud muike i Pi/fArm found 

only near the ea=jt coast of Ani^tmlia, ia blackkh with a yellow ^pot 
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in tUe ci^ntcr of eftdi scale. It b one of lire mtM attrjictive of llie py- 
ibans in captivity and the sisecittiiiiis m tUe col lection arc nnicb more 
net JVC til an is nsnal with large snakes. A elcK^ly related fonn known 
fis the carpet snake has a much wider fUstribiition in Anstraliii, 

The common boa^ or boa constrictor ccmlrk^tor) k a 

tropicnl AmmeEin species of large size, but considerably smaller than 
rhe Aiiacoiulii and the larger pythons. It is said rarely to rciicU u 
length of 12 feet. Several examples are shown, the lurgest of which 
came from Trinidad and m alioiit fret in length. A ^ijnall apeci- 
men of the l)Oa was found in the Woshingtoii Market parked with a 
bsinch of batiHiinfi, and was sent to the park. This involuntary frtow- 
away is doing nicely in lik new home. Other apeeicfi of boas are 
found In South Americaj the AYf?st. ludies, luuh straisgely enough* in 
Miidiigascar. The tm boa from Trinidad {Boa in a near¬ 

by case, is of u ^anjillcr ^pecieSj vellow In color, and with a head much 
larger in proportion to the size of iho serpent. Although an ill- 
tempered snake, it is^ like the boa coii-stnctorj a noiipoisonous species* 
It i^metime^ grows to a length of G or 7 feet* 

Many species t>f North Aiuorican finakes nre usually on e^thibition. 
Most of these are tif coinpamlively small size but sonio of them are 
of great beauty and uthera uru interesting becau^ of iUeir terrible 
apparanee and deadly poison. In the latter class may be men¬ 
tioned Llie rattlesnakes aiul topijerlieads. 

Tins rattlesnakes are couhned to .^Vnicrica where many spt'cies arc 
In'iowiuthe majority of which are found in the tvs^ern Unitl«l States* 
The comniQit or bandctl rattler {Vrofutm Aorridtii^) wjm formerly 
found in many parts of the Kasteni States, nortli into Alainc* but has 
now dknpi^eured frf>m much of its former range. It sometimes 
prows to 5 feet or luore in length. The largehl rutiler is the dia- 
iiiond-back (f7* m^afiuttitr.w) wliieh in its typical form in the 
Soulhern Slates reaches^ an immense size. Many spetTimciis are on 
recortl frtm Florida which nieii-^insd ovc]’ feet in length and there 
ure apparently authentic accounts of diaiuond-bacbi of between 8 and 
fl feet. I'ho bite of one of theise large rattlers la very likcdy to prove 
fatal. 

(Hosely rclateil to the nLtLlesnake^ an? the moa^a'dii {A^khitoilon 
phoii'&rus) and the copperhead (A. Both are poisonous 

species. Ttie copperhead is otic' of the most Jangeiwis snakes 
in the Eflstem and Southern States beeauso he holds his own in 
thickly settled communities: they are not uiicoinmon about Wa.shing- 
ton, especially along the up^jer Potomac above tlie city. Adult 
specimens are coumioiJy fmni 24 to 380 inches long. In color, the 
copperJictuI is luizieJ brown* witli a soriiw of hourglLi!^^slia[>od xbirker 
lilutches along the back. Ei^ually veiiomtJUii in tby inocco-sin^ or 
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cottonnioutb, but he is nn nquatie species end does not mnge so far 
to the norOi as does the copperhead. 

The common water snake {iVairta? tipedm) and the southera water 
snake (iV. tctxkpi^tut) are often mistaken for the mo^am; they 
are ilUempored snekes but harmless, and on close examination may 
be distinguished from the moccuain. and copperhead by the absMce of 
the deep ”pit” between the eye and nostril, a clmiacteristic fea* 
lura of those venomous species and the rattlesnakes. The speeunens 
shown of a related species, known as the water coral snake {Udieopn 
anyufnrua), were capturetl in Trinidud and were sent to the park 
with other reptiles from that island by Hon. Henry D. Baker, 
American consul at Port of Spain. 

Other harmless American snakes kept in the collection arc the 
black snake {CidtAsr cosMiirKffor) sometimes called the “blue racer,” 
and his near relative, the coach whip snake ((?. both of 

which sometimes attain a length of 5 feet. Several a^jocies of tbo 
pretty little garter snakes, as well as the king snake. Uie pine snake, 
cliicken snake, bull snake, goplier snake, and others are commonly 
shown. 



THE SEA AS A COXSERYATOE OE WASTES AXD A 
RKSERYOTR OF FOOD. 


ny IL F. iliKiHH, 

DepKtj/ V. S. ifurt-aji tif FtirftfWr#, 


(Willi S jiltttiea.) 

Of the niBiijr vast and , coiuplex problcniii confronting a ooiintrj’ 
!it wai\ Ihftt of supplying the iirmiis mid civil populations with 
food is one of the most vital ntid intricate. That, it is fundamental 
tjcods no domonslmtion, and one of the first acts of a belliprent is 
to take steps to cotiiserve and, if possible, increase its food supply. 
With the acts to that end, the effort to curtail waste, to regulate 
distribution, the fi:iii]g of tninimum prices ami other mtsasures to 
stimulate the prochiction of the farm, wb are all now familiar. 

Measurable succesa has been iittained in the reduction of waste in 
the household and elsewhere, a I though tlic (jonaumor is not yet fully 
“ doing his bitv’ and crops of many kinds show grant increases over 
the yields of previous years, though the meat crop, whlcli supplies 
the major part of the high priced ingredient In our flid. protein, does 
not, and probaldy can not under pi-esent conditions, respond to these 
mensiircs, It requires time to produce meat animals, particularly 
licef, and the food which they require is cxisensive and its produc¬ 
tion requires acreage which can he i]se<l in many cases for crops 
directly convertible to humnn use. 

Fortimately with this condition coiifninting us there exists a food 
supply dietcitically equivalent to meat which requires no “ raising ” 
but maj' Iw had for the catching. Tlits is found in the fish of the 
sea and the frreat Lakes and, in smaller quantity, in the minor lakes, 
ponds, and frtreams. The scu, in particular, is a vttst reservoir of 
food produced without effort ou the part of man. It enntnins nu¬ 
merous fish of many kinds, some of them preyingon other fish snuillcr, 
weaker and less swift than themselves, others feeding on invertebrates 
swimming in the water or resident on the bottom, ajid still others 
consuming marine vegetation usual)y microscopic in size, but all 
dependent directly or indirectly on plant life. 

That “all flesh is grass” is ns trim in the water as it is on the 
land. Since it was precipitated frtmi the vapors which cnvelopetl 
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(ho etirlli u'iien it ivus luu^'ili iioUcr ilmn it Ls now, ilic lias beiTi 
accuniiilatiug a wealLh of liiat€rinla^ the most consx>icaoiiK of whtdi 
ilie salt which maki^ it brinj* Thiise have Ifiadied out of the 
rocks and soils andf in a tho s&a may bo said to be a solution of 
the land. It even contiiins titices of such inci't siibstances as tlis 
precious metals like i^nld. but its iienUy precious store consists of the 
same ndnerals which nuike our productive soils, or which tlic fanner 
supplies to his land when lie fertilizea? it* In fact, sonio of the very 
fertilizer for wdtich the fanner pays^ and which through carel^sneas 
or misfortnno ia washed fnyui his fields Into Uie xviitortoiirs^, un¬ 
doubtedly finds its wity in course of lime to suld to the sen’s store. It 
is not entirely lot-t to man, for with other luaterials of Ita kind it 
becomes converted into marine vegetation, just ns some of it would 
liave entered into farm cixips if it Imd been left in the fields. It 
produces not only the '■‘sea wee^ls” of the gtosaer kind, with which 
every visitor to Uio seashore is moro or less familiar^ but a wealth of - 
microscopic plants, Individually too small for human vldon, hut of 
nji aggregale voluinc sLirpassing comprrbensioiu some of thoni float¬ 
ing freely in the water and othei^ forming ciirfiet^ on ihe but tom in 
the shallows or imtehes on every fixed or floating body. Tim vege¬ 
tation p in general, is more luxuriant in proximity to the coast than 
in the watery far removed from land, and this is true not only of 
the bottom dwelling forms, w liirii can not live in the light less ii^gions 
of the great dcptlis, but of the floating jjpecjcs whidi dwell at or 
near tho surface* The abomuling plant life near the shores, and 
pnriicularly iu sals ami brackish estuarii^ and lagonua, is ]>robably 
in no small degree correlated with the never-ceasing flow of fertilisficr 
materials, the wash af the soil, which the rivers bring down to the 
coasts. 

It is this vegetation, but particularly the microscopic kinds, both 
bottom dwelling and floatings which forms the great pa^itures of the 
deep on which the animtil life o£ iho sea la m rigidly dependent as 
are the land animals on the produce of the eoih and of which man 
indirefetly avails biin^lf when he ptirlakes of sea food» 

Thera arc many interesting ndaptationa of structure timl habit 
wlufjh complete the cycle from the Soil througli the sea and back 
again to the land, but one instance will suffice as a type. The wash 
from a carelessly tilleil farm, or tlie waste of a hoiisehold+ finds its 
way into a river mi the Atlantic coast and i^ carried in n state of sola^ 
tton to <>nc nf tho eEFtuaries or bays which indent tlie shore line, 
Tiiera it ifi absorljed as nourisliinnnt by one of a group of microacopic 
plants kmwn as dinlnnis, which use the same sort of food and elabo¬ 
rate it in the stimr way as land plants, but obtain it from the dis- 
solved materials nf tin* water m which they are batlied. instead of 
seeking it through the medium of rootaj thrust into the soil and leaves 
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expandiiig lo itie ntr. Tlnso: liltle jiliinls gmiiv uml sw‘i '11 with nddctl 
substance, and each eventtially cleave in two and the progeny thgju- 
sclv^ €ti%‘ide in turn until vnut mimbcTs arc produced. 

Tho coastal waters in which this occurs arc the feeding grounds of 
the mcrihaden, whose food consists solely of miiiuta aquatic orgsiH' 
isms %vhich it strains from the water at and near the surface. The 
thront of the menhaden is lined with n scries of fine filaments at¬ 
tached to the gill arclies like the barbs of a feather to tho side of the 
quill, and these overlap one nnother so as to make a lajaiUlftilly fine 
screen through which the water takcji into the mouth must pass 
l>cfon> it can gain exit throngh the gilt openings. Thus equipped, the 
fish swims nptm'moiithcd, screening out nf thfi water and swallowing 
the mimitc organisms, many of which arc the little plants premoiisly 
mentioned, and the others, almost equally small animals which feed 
on those plants. 

Although the menhaden is a relative of tlie shad and the herring, 
and has excellent food qualities of its omi, it is not generally eaten, 
pofisihly because it has long been known os a source of oil and ferti¬ 
lizer. It is extremely abtmdant, moving in large schools which are 
preyed on by many of the most prized of our food Sslies, and when 
W 0 eat on© of them w© bring back to tho laud something with which 
the land parted st the be^nning of tho cycle. If w© eat the men¬ 
haden itself this return is accoinpiuded with the utmost directness 
and economy. 

The SBo, thercfoiT, is a great consenator, receiving and storing, 
and tiiaking availnbl© for man's use in another fom, much matter 
w'hich at. first sight seems irretrievoWy losrt. It is for man to deter¬ 
mine whether he will use this store, particularly at a time when defi¬ 
ciencies arc appearing in the supply of what he is accustomed to iiae. 

It is tho general verdict of those verseil in the science of dietetics 
and home economics that the consumption of fish in American homes 
is far below what it should be. Tl^e composition of fish Is essentially 
the same as that of meats and poultry. Pound for pound, dresscil 
fish of all kinds are approximately as rich in protein as beef, mutton, 
and chicken. The quantity of fats varies in tho diffei'ent kinds and 
with the season, but in general it is lesb thun is cuntained In nieiiLts, 
The protein, however, is tlie important constituent, us tlier© is no sub¬ 
stitute for it in the diet, while fsits can he supplied from oUier and 
cheaper sources, and to some extent be replaced by starches and 
sugars. 

In the diet of tho average family in the United *Statc 3 , meats and 
poultry furnisl) man}' times as much of the protein as is supplied 
by fish, notwithstanding that th© latter affords it at a lower cost if 
reasonable judgment txs displayed in marketing. 

0S133*— sw 1017 - 30 
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There urn' varioiijs iieasoiiH for this, one of them being tbnt theire 
hns been etigrnftef] on the imtional habit the irrational custom of 
eating fish hut one day each ’week, Another is that tish has not been 
as carefully hnnrllecl as it should be, with the result that at times it 
has not reached the coiisutner in the best conJiiioni and the latter luis 
thoughi that he dues nut like fish, when in reality his distaste has been 
for stale fish. TJiero are other rca.sons which it is not necessary to 
discuss, us many of them are being overcome hy the “ eat more fish ” 
cuinpaigii which is being so vigoroufily waged as a war measure. Tlie 
people are hegiunijig to cut more fish, and the pivblem now is to give 
them the fish to eat. 

In consideration of what hns been said about tlic abundance of ibc 


supply of fish food in the sea, the obvious way of meeting tlic de- 
nuind would be to catch more fish, Imt unfortunately ihls can not Ijo 
easily done, tinder present conditions, by the simple mipediciit of in¬ 
creased effort. Fialiitig involves the use of labor and uiaLerial and, 
piirticularly when cotiiluetcd on the high seas, requires e.iperience 
and skill, w’hilc the diversion of matiy of the young and active fisher- 
dien to luilitury duties, especially in the Xavy, has loft a gap whicli 
it Would he difiiciilt to fill at uny time, hut especially so now when 
the demands for Libor in other ilchls arc insistent and the pay b 
lucrative. In addition, a number of the best fishing vessels have 
been called to naval scmcc, and the war demands for linen thread, 
which is estensivciy used in making gill nets, are making it difficult 
to maintain even the eiisting intensity of some of our m(M?t important 
fisheries. 

The case, however, despite dilficnltics, is far frftm hopeless, and 
the cotistimptiuM of fish can bo cusilj' doubled with present facilities. 
Uiineceffiiarj'' restrictions on some of the sea fislicries may be rein sod, 
but as fi-ihery legislation h intended for the conservation of the ulti¬ 
mate anpply cure must be exercised in letting do-wn the burs lest the 
future be jcoiuirdized for the sake of Iho presenL There are also 
enormous wastes in the spoilage of fish in transport at ion to the mar¬ 
kets and a’lvaiting snle, and iheso may be overcimie bv better care 
a lid icing of the fisli. the avoidance of long hauLi when markets may 
bo found nearer to the points of production, more ex|«ditions 
handling by the transportntioti companies, and more prompt con- 
sum pt ion, stich aa cun be induced by making every day a fish day 
instead of holding the supply to meet the exclusive demand of Fri 
day. Fishermen %vork every- day, and that part of their catch which 
IS a week m teaching the table is often not as fresh as it should be 
and in many enscs Is spoiled Jicyond nsabicness. ’ 

There is another great wu^te which can be readily corrected 
through the cooperation of deakcB and ODnsnmers, and it is the 
ticulnr purpi^ of this article to call attention to jt, although the 
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point lias been slowly arriveij itt in order that Ihe rentier 

might approach the subject ivitb an understatiditig of antecedent and 
collatciiil cimdltiuiis, and be in a better [KisiUon to t 4 >pr(!cinte lU 
imporriince, and his responsibUities nnil opportunities. This is the 
waste of large quantities of good, in iiiiiiiy cases cjCtielJcnt, food Qshes 
(»:«light tiiijiitcntionally and thrown away in whole or in pnit fur luck 
of a market. 

Fishermen set their nets, or fish their gear of whatever kind Used, 
for one or several kinds of having a market value and reputa¬ 
tion. hut iiicicleiitally they catch r|ntintitles of other species eollec- 
lively known os “trash,*’ which arc either tlmjwn away to become u 
nuisance near the fishing grounds, or are used for inferior purposes, 
ifuch as the manufacture of oil and fertilizer. There are other sea 
foiids readily obtainable in griint quimlities that arc not taken at all 
merely ihrongli ignorance of their availability or qualities, and are 
waited in the sense that they are not utilized. 

Tlie a^^regato of this wastcil and neglected food supply is enor¬ 
mous, and it is probable that, if it were all used, the supply of sea 
foods-—including tn that term fresh-water products—could be doubled 
with little additional effort on tJie part of the fishermen. The Bureau 
of Fisheries has given considerable attention to this subject and has 
intrcKluced some of tbeso neglected foods into consumplion. The cs- 
ploitution of others is being taken up as rapidly as possible. 

One of the mtist abundant shell fishes of the North Atlantic and 
Pacific coasts is the sen mussel fdttiit) and, as it feeils on 

minute particles of vegetable matter, it, e%en more than the men- 
liadeii, is a highly efficient agent in tlie recovery of land wastes car¬ 
ried into the sen. Although the gills are quite different from those 
of the menhaden, they also servo not only the piirjwses of respiration 
but as filters, the pores of lyhich are so fine that they can be seen 
only Oil powerful magnification. The gills are clothed with innumer¬ 
able litllc flesJiy procea^s or cilia which, lashing rhythmicallv. bv 
their united action draw into the open mouth of the shell currents of 
water which pass through the minute orLfiees snd gain exit by an- 
other channel. The litllc water-carried plants and pariiclea of vege¬ 
table detritus which compose the mussels food, although individually 
too small to fall within the range of unaided vLjlon, are too large, to 
pa.s3 through the pores, anil become trapped in the mucous coating of 
(he gills and pass in a steady stream into the motith, and thence into 
li long alimentary canal in which they arj; digested. 

From experiments conducted with oysters, which have somewhat 
similar gills, it is probable that, to get its daily meal, a mussel ft or 4 
inches in length filters from SSi) to 50 gallons of water each 24 hours, 
between 2,000 and 4,000 times its own bulk. 
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Tho 8fa mupsL^l begins its tR^tive life as a y^ry mirrnto orgjinkni* 
cnveml with liltio dlift, s^jiuewhat like t1io}ji3 which clothe the gills 
of the adult, anil through the aeti vily of these it has a feeldc ninhilitv 
of itaown^ although depejidcot for its larger locomotion on the cur¬ 
rents of the water in which it ifl suspende<l. TJke otlier hiinellihraTich 
or bivalve MolIu&caN it is exceedingly prolific, pwhicing yoimg in 
myriads to be disseminated broadcast by tidal currents and* after a 
brief^ vagrant existence, to settle down and become attached* 

The oyster becomes fised l>y its shclb hut the mussel anchors itself 
to the bottom or to bodies in the water by means of a tuft of black 
fibers, the byssUA, or so-called bcarcL The flexibility of this anchor¬ 
age and the fact that the shells lie with their long axes vertical, per¬ 
mits a given area of bottom to j^nppor^ a density of population almost 
inCTodible- In placest extensive be^ls have been fonmi, with nn 
nAT?rHge crop of 4,000 to 6,000 bushels per acre, nnd when it is under¬ 
stood that these were produced witliin n space of two years and that 
on account of the thinness of the shells the proportion of meats to 
total balk is greater than iu oysters, in some measure the potential 
ffiod value of the^ beds may be realize<l. 

Tbia delectable shellfish is abundantly used and much priced in 
Eiiroi>e, particularly in England and France, where the n situ nil 
supply Ls Buppkmented by a rather elabomte system of mussel cul¬ 
ture, but it Ir very little known, except to a few gourmets, in most 
parts of the Tnited States, A few years ago the Bureau of Fisheries 
introduced it in the markets of Bo4on-and other cities in ^ew Eng¬ 
land, where it hji.q become an estEiblisbcd commodity^ hut soma dilH- 
cidtj was encountered 5u providing a steady supply on ocount of the 
reluctance of the fishermen and oystermen to undertake something 
new. The general awakening to the necessity of providing new 
sources of anlu>iil food^ induced by the emergency condilions of s 
country in a state of war, has excited interest on the part of pK>teii- 
tial mu^el prcHluceti^ and new supplies are lioing developed. 

The niiissiel as a focal is palatable, digcstablc* nutritiou.s^ and eco¬ 
nomical It can be preparcfl in a great variety of ways* adaptable 
to almost any taste- It can be cooked in practically any way in 
which the oyster may bo used, and the French have devised many 
parlicubirly ijulatable recipes, as can be testified by almost any per¬ 
son who has livcil in France. T^lien our troops come homc^ many 
of them will bring back aprwable memories of this molliisk. 

One of the causes operating nguinst tho u£^ of sfune of the best 
of our food fishes is ihc preiuilicis th^ unusual in form or 

color. *^Fish" to fiiost penwins Euggests a certain definite typo of 
shfipe and n^ncml nppeai^nec, nod ftnjthlng which departs mate¬ 
rially from this preconception is regarded with suspicion. The goose- 


THE A ItE&ERVOlIt—XfOOHE . 


601 


fish ifi oiie of the nuiert unguinly niid ext mol'd! ttiiry uppeariof^ of our 
fishes* Its bcKly h hrozitl and sf[nat. tho head is ouoniions^ and the 
breadth of U« jiiouth^ lueasurod on iia are* is almast equal to half 
the length of the entire body- The javi s are each aniuKl with a double 
row of forniidabie teeth, and Uie entire margin of the body^ Includ¬ 
ing the lower jaw^iis friiigetl with ragged fleshy barljoK A peculiar 
feature is a long stad with u fleshy flag at its tip, which represents 
ihc first spine of the dorsal fin^ which has niigmtcH:] from lU uormitl 
pci^ition on the Ijack Li> the top of the head, whercj it is assertedit 
m a lure to attract smaller creatures w ithin reach of the month. 
The size of the stomach is coiuinehsiimte vfith the and the vo 
rauiiv of the fish is in keeping with both, iLs meals during the diiy 
soinetiiiies weighing half os much as itself. 

Its footl of iilmost every kind of animal which the mouth 

cun Lake iti, fishes^ starfishes^ mollusks, lobstei^, crabs^ nnd even wutcr- 
fowd« It b m^orded that seven wild ducks have been found in a 
fsinglc fl^li. Its habit of catching geese is S4iid to have given it the 
oommoii name here use<b while the great size of the organ wddeh 
eniibli^ it to takesndi targe p]*ey has given it another of its numerous 
names, “ alhniouth,” 

The eggs of this extraordinary appearing fish are os remarkable 
as the adults and are found inclosiid in great numbers in floatings 
jelly]ibo rafts sometimes 27} to HO feet long and 4- or 5 feet wide^ 
greatly exceeding the parent in hulk. The paradox of the comp urn- 
tive dimonoions of the parent and the egg mosses is explained by the 
fact that llie inucus in which the eggs are emljKxlied w'hen they leave 
the fish swells enormously by imbibition of sea water. 

The descri[ition of the goosefish may nut sound alluring, but never¬ 
theless it ia un exceUent feds, and in some Eurtjpcun markets brings 
a higher price than the universally esteemed mackerel. The flesh o( 
the body is firm and rather gelatinous in consistency^ white, fine 
gruined and pnictically boneless, and analysis shows it to contain 
^mewhai more protein than boiiie of the common food fisli^ and 
about us much ns sh'loin steak if allowjmce be made for the greater 
i[uantity of waste in the latter as purchased in the market This 
gcH>d font! is practically all w^asted in the Unitetl States, whereas 
about (IfKXljOOO pounds are consumed annually by tsreat Krituin^ It 
htw been estimated that at leivHt 10,0tK>,(K>S> pounds are caught inci- 
ilentally in American fisheries end tlirown uway« 

The sharks and rays collectively constitute another group of fislies 
which popular prejudice has relegated to the w^asto pile, although 
there is nothing repulsive in their appearance. They an? all free uf 
the muciirt or slime which makes <^me fish imattrartive In the rnaas^ 
blit is usually weisIhhI a way liefore they ix^ach the ultimaiu consumer. 
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flod thu shurkii nt kitat ha vs lithe and gcaueful fori ns, with lines os 
Bnoly molded as those of a clipper ship. The prejudice iu this case 
is hosed on the rejmtai imi which tlitsac fcii Jiqve os ** jjittu-eoiers,'’ 
As a tnoiter of fact there are tio man-catitig sharks in the Bcni»e that 
they generally or eTcn frequently ftsd on hnniaji tieinga. There are 
mra E:aBeB of men being injured or killed, and prububly partially 
devoured by one or several of the larger specjcs of Bhoik, but these 
are mere infrequent owideuts like the killing of children by liOgB, 
and from the standpoint of the character of their diet there is mipre 
ix*aKon for eating sliark meat than there is for eating pork. 

The food of sharks is iu general like ti^at of other carnivorous 
fislics, There are some that feed on crabs, shrimps, and other bot¬ 
tom-dwelling animals, such as are eaten by the cod aud some of its 
relatives, and some which confine themselves to a fish diet, like the 
blue-fish and others. They are all hahiLiinlly ‘‘clean” fturders, hut 
when hungry some of theni wilt attack anytiving of suitable ktsie. 

They are eaten in niany parts of the world, frankly as sharks, and 
considerable quantities of the moderate sixod species enter the Ifew 
York market where nutst of them are mdd frisrh as “sturgeon,” 
“ocean or deep-water swordfisli,” or otherwise under the guise of 
species more gcnersdly known to the public. 

Some sharks are solitary In their habits, or neorl}' so, but others, 
particularly the smaller species, occur in great schools which range 
over the sea and appear sporedlciilly iu the coastal waters at certain 
seasons, wlven tlieir rupacily k Bitch a.s to causo great harm to the 
fisheries through the destruction wrnuglit on the uomnion food fishes 
and the injury infiietcd on tlie Cslicrjiieifa nets and lines. One of the 
most common of these piratical little sharks is the spiny dogfish, 
which has been on the market smoked and canned for about a year. 
As there arc several other sea ani) frcah-wiitcr fi-shos, and even a large 
salamander bearing tlie name “dogfish,” and os it is used opprobri- 
ously by the fishernien, exasperated at tlieir losses, the Bureau of 
Fisheries changed its ofiiciul name to grayfiah, and It ia known as 
auch in the market. 

The food qiialilies of tiie slmrks vary somewhat with the species, 
some Iiaviiig a strung and others a hlund flavor. Their nutritive 
valuB a-s shown by analysw. and thdr digestibility ns tested by feed¬ 
ing experiments, is about tlic same as Ihnt of other fishes and'meats. 
They differ frem otiicr fisiicis from mente, anti particularly from 
poultry, by being entirely free of uric acid, ami by ijosaessing 'a much 
higlier content of urea and ammonia. These latter suljshmces are 
harmless to health and ohjectionaidc on esthetic grounds only if jho 
fisli is not canned or rtired promptly after lamoval from the water. 

Tlift skates and rays are apiutrently on ancient nffshooi of ihe shark 
ancestral stem. They have Iwconie fiattened in adaptotioii to a Ixit- 
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habit, Uic [wctomi fijjs ar^ devekppcd into lateral 

win^ fused witli llie body and liead, and the tail region is some¬ 
times reduced to u mere whiplik^ appendage* The eyes lie on the 
upper, colored* aides^ while the mouth and gilW am on the ventral fsiee 
of the bodyt ’which is ptTicticaUy or wholly unpigmented* Tlib 
group of ^hes contains some reinarlmble type^* miiong them the 
gigantic devilHsht which reaches a breadth of about 2.7 feet across 
the wings and u weight of 10,000 pounds, ExtraoDilinary myths 
hav^ grown up around this fish^ for Inatauce^ iti^ alleged habit of 
picking up anchors and towing ships to seaj but its strength ample 
without exaggeration- large apecimenB wlien hnrpooned towing heavy 
hiiinches al considerable sp^d for hours Iwfoi^e becoming C5;;liaustcd* 

Otlicr extraordinary species are the torpedo, with electric organs 
capiihte of admiijistering a strong shock, and the sl ing rays, among 
the most conimoii of the coastal species, the tails of which are armed 
with a semited ^tpiue several inches long, wThich can be driven 
home deeply into the (lesh of an enemy. Most of the skates and 
rays, probably all of them, are edible, and some are highly regankd 
ill most paiis of tho worldj, although almost neglected as food in the 
United Srates. The great wings or fins an? ihe fiarts msed, Udng 
left, yoked togedier by tho pelvic girdk after the head, body, and 
tail are cut away, Tlie two connected wings are know-u us a “sad- 
dle,^^ The flesli of tlie skate is white, fluky, tmd of esceUent. flavor^ 

“ Fish stories are notoriously untrustworthy, and the man who 
values his reputation is properly consmw^ative when he relates one 
which is at all beyond the bounds of ordinary experience. Tlie luus- 
ter of a vessel entering at Xew‘ York in ilarch, 1882, hud this in minil 
wdirn he reported that he had sailed for lo mili^ tlirough a sea cov¬ 
ered with dead fkh of a strange species. From an mvestlgotion im- 
nietliately ordered by Professor Baird, United States Conmiiasioncr 
of Fisjieries, it was learned that this vessel bad actually passed 
througli more than 00 miles of this marine riecro|>olis, and from tlio 
reports of other shipmaster reaching jx^rt at about the same time, it 
was estimated that upward of 1,400,000,;000 dead Ibh were disLribitted 
over an art»a 170 miles long and 25 miles wide, lying off the coast of 
LK.>iig Island and Xew Jer^sey. 

The investigation disclosed furtlu?r that fish were all of u 

sj;ecies discovered an<i des<'ril>ed hut three ^''ears before under the 
name f^opholaliUis chnmaeleontieeijs, which for general use had l>een 
ablireviJiteil to t ilefish*” Ajs* tlie tilefish was at once recognisied as an 
excellent food fish, obounding within a short distance of New York 
ami other largo markets. Professor Bairxl immediately imitiitited in- 
ve^ttigations* of laith scientific and economic interest, which were con- 
tin ueil under his successor. Commissioner ^fcDonald. 
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Th& Kishei'ies AlhafroM and Ft^h and the 

schooner (rmmpv^f made a number of trips each your to the former 
tileCsh groiiiids ivjthout taking a sing:lc sr[x>rimen. and in the He[iort 
of the National Mu^^utn for 1SS9, the species was listed, provision- 
iilly, ns cstinct* Professor VorriU made extensive collections along 
tlie edge of Ihe Gnlf Strciui^, the liLthitat of tlie tilefish^ in lABO, 
and nnd in the latter year had i>ccnsiou to rc[>ort thnt “ ()iie of 
the most peculiar facts connected with onr dretlging this Sicasrin 
(ISS^) was the seaTcity or alrsence of many of the sjwrius^ especially 
Crustacea] that were taken in tlie two previous yiriti-Sj in cssetitinlly 
the same lomlitics and depths^ in wst numbers, several thousand at a 
time,^ Ho was uf Ike opinion that the disaster to the tilelish was 
accompanied by wholesale dcritraction of boEiom lifej nnd that the 
two were due to the same eausC] the eiierotichnient of cold waters from 
inshore on the Imltoms formerbathed by the f iulf Strcani^ 

In 1 W 1®3 Profn William Libbey, in behalf of the United States 
Fisli Coiniulssion, undertook an iuvestigfttion of die physical char¬ 
acter of tlio sea off the south coast of New- Englanth He found 
that the Gulf Stream was ^otf soundings,"- that is^ its warm Tratere 
did not touch the bottom, but in 1S90 and 18PI he fonufl that it was 
pi’Ogressively nearer the inlge of the continental platform and was 
piblo to predict timt in 1S1^2 the old tilcfish grounds again would be 
bathed in warm Gulf Stream water^ and present a favorable euvii'on- 
nient for tlie fish* In Jtdy of 1S112 the {frampus proceeded to tlie 
locality, set its tniwls and caught the fish. The explanation of the 
extruordiuaiy occurrence of March^ 1882, apiioars; to be this; 

The tilefishj like the is a bottom dweller; but, nnlike tbe cod^ 
it is of a fiiniily accustomed to the wanner waters of the Tropics It 
finds a congenial temperature where the edge of tho Gulf Stream 
touches the se^i on a slope as steep as a mounCuin side, and 

there is, therefore, but n narrow strip on which the wr.ler is neither 
toc^ shallow" nor too deep. Tlie Gulf Rtream is a great, warm, oceanic 
river fiuwing Ijetween banks of cold water, not fixed like the solid 
bjuiks of land streams but pushed one w’ay or tlie other ns the paib 
of the stream approaches or recedes from the c^imst* There is evi¬ 
dence that aliout the time of the decimation of the tile fish the Gulf 
Stream was receding, and na it move^.1 offkiiore iU warmth no longer 
rcachtj^i the In^ttoRi atid the fish and cither animols d welling there were 
lc‘ft in the chilly waters which took its place* It is reasonable to sup¬ 
pose thiit lading Imbitinite*! to a wnrm and equable submarine climate 
they were ktlleil by the cob I wave which eovelo]>eil them. 

When the waitn w liter again touched the bottom the fish mlgrate^l 
from an?nn in which the moriality bad not 3 teen ro complete. Fur¬ 
ther mve:=tigaULJiiii showed that tlie fish were gradnsdty increasing 
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in numbctii nnd itbntit llKhJ ihey y>'vTv j-LT-slitbliiilieJ in tlie old luiunt^ 
m ubiiiuiaintlj fl5 l.jcfnre Uie disatt^ir* 

Tlie tileKjdi is a lirilliimtlj colored^ liiiiuisomc speciM^ nf ex- 

cL'lleiit fwd i]uaUtic54, find n firminc^ of Jlesb 'vhieli tiiakes it adapted 
to shipniont over dist^taces. It was unknown in the murkets 
until October, 1915, when the Biircuu of Fislieries undertook a cani^ 
jiaigTL to Tutroduce it and met with such sucoftss that over 
pounds were sold within a year, e.iid ii has Ijeen marketed froju 
Seattle^ Wasliington^ Liverpoolj Eti^luncL 

In tlie caLse of llie tilefhJi the probh^iu of utLliKtitiuii involves! nh^ 
thiit of production, and of Uidueiiig the filler men to ga out anil 
catch it* hut witli many other fishes the supply is im incident to the 
fisheries as already prosecuted- The fish are caiij^lit, hut few are 
eaten. This is the case with the whiting of the New Enghuul coasts 
which is often taken m such vast niimliors as to l>e a Inirden on the 
tislicniiEin and a mii^iLnceto the iicighborhoiHl on account of the quan¬ 
tities of dead ones from ilic nets, wlik-h are tlirown up by the sea on 
the iienchf?f5. TJiis \s an CiJCcelleiU lialt uheti fresh, but uiifortunaUdy 
ibi keeping fjualitfc^ are poor, and, excepting in proximity to tho 
fisheries, it is svaihihle to tlie consumer only when frozen or salted. 
The emergency demnnd for fish which has nrisen as a restilt of the 
war has incnnisod the consumption of whiting, but the supply ail- 
able during the summer and fall is iitill far froni.l«[inp iitili^cd« 
Another s|>ecies whiA the Csliermcn have i^gartled ag a luii.sance 
is the sablefiah of die I^acllio coasL It Is found in many places as^- 
ciated vi iOi tl^ tiiiHbul, nnd its habit of taking the hu>ks intendci] 
for that valuable epecics, and its own lliiHalability* made it anaLheinn 
to tho fisbonuen, and their cursing was in explicit teiins. Millions 
of i>ounds have been thrown back into the suinnallvj while the 
demand for fidi in some parts of the country could not be Fi-atisfieiL 
It was rmt rateiu exciqit k'kcally, because its qualities were unknown 
to the publiCj but n caiupaign of publicity has corrected that condi¬ 
tion nnsl it ifi now on aale not only iit the Pacific Coniit but 

aa fur cast as New Y^ork:^ and iho fisbermcn are fimliiLg it a Jnati^rlal 
source of prufib Tbe name “ snbIcfisJi was sponsored by tbe llureau 
of Fishari^ sit tin- lioginning of this campaigiit the fish having been 
known previously m bkvk cod, althongli it is not a cod and is not 
related to die cod family by lineage, struclure nr edible [|Uiditie& 
’Wlien it was diwuvered and described in 1811, the only name which 
it bore was the barbarons one, “besliow,” used by the Indhins and 
tho early sett lei’s and fisliermen in rtsrognition of its color and wdtb 
an eslraordiiiary IntlifTerenco to otber cbcuiicters gave it the tiamo 
which it has iKirne nut 11 reccnlly, fk? long as tlie fish was preclicallv 
unknown and unulilked, this popular misnomer was of little real 
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niomeiit, nlthougL, like nil eriw, itgrettable, but wLcn it was about 
to enter more intimately ititc) commerce and into the knowledge 
of tlio people. Jl becuiiie ucLudlly niislcading, tbe meat of tUe cod 
ie dry, while tlmt of the sableli$ih ie Hch. fiit, and of different flavor, 
and rciiuircji other inetliods of cooking. 

The iiablefLsb oi, caught, averages ulkiut 15 ponnda in weiglit al- 
thotigli it grows much larger. It lives on the banka near tlic 100- 
fathom line from southern California to Alaska, being more abitn- 
•lant north of San Francisco. Its food cmiiusts of small fishes, 
criLitnceans and other bottom-dwelling anliuals, but- little informa* 
tion concerning its habits has bet’oiiie a matter of record. 

There is another fish on the Pacific coast which has suffered, or 
perhaps it wem better to say benefited, by the same sort of neglect 
which has been visited on the sablefish. altliough its habits are such 
tiint it has not l>cen regarclwl by the lislierjiien os a nuisance. Its 
possibilities have been merely disregarded. This U the eulaclion. re¬ 
lated to tbo smelts which are highly estec'mod in various porta of the 
world, and soinetimes erroneously called *‘t!olumbia Kiver smelt.” 
During (be winter inontlis these little fishea ap[>ear in the mouths of 
oroistal streams in great abundance, tleposit tlieir spawn and all, or 
nearly all. die. Each generation, after having provided for its fine- 
ec$;Mir, Is completely, or almost completely, exterminated. 

There are a few other species whidi exhibit this interesting and 
remurkabto phenomenon, and some others show a tendency toward it. 
In certain of the lakes of Maine the true smelts die in large numl^rs 
after spawning, althoiigb there is nothing appronehing a complete 
mortality of an entire genenition. Studies of the Atlantic salmon 
have shown that a considerable proportion of the individuals of each 
genera lion die after their fin>t spawning, but the most conspicuons 
c‘Xjiiiiple!3 of til is catastrophic life historj' are found among the 
siworal specic.s of the Pacific salnuins of the genus Oncorhyne]iu& 
Tlies^e large and hamlsoiue fislies have very definite life cycles of 
from two to four or five years according to the sfKH-U'S, nml llicy 
perish to the last fish after the first act of spawning. Many of these 
salmon struggle from the sea Up the stremiis against all obstacles 
for luindreds—in some olscs more than a thousand — of miles, until 
they reach thrir ^[lawning groiindii. nml It was at one time supposed 
tbot the cxlirtUHtion ranse<1 by these stupendous exert ions and the 
wotincLs suffered en route were responsible for the niortulity, iiut it is 
iioiv known that, the same phenomenon occurs in streams but a few 
miles long. Tlie fact seems to be that the fish meet with a sudden 
onset of fietiility. The step from full maturity nnd mlult ylg#»r to 
ohl age is bridgwl by a few weeks, wlulo the stages of youth, adoles¬ 
cence anti maturity are measurtnl by years. 
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The life history of tiioouiachoo hits not bceu iiivestig)tto<l, but tho 
t'videtice appeal's to indicate that it is nut vary tlitfaient fnou that of 
Iho l^ucihc selinons, Thc^e slender 111 Ik fishes. wliicU reach a niusi- 
muni length of not much over a fuot, al^e fouiul fruiu Oregon to 
Alaska, passing most of their life bi die sea, hut, ns already stated, at 
its end running into streauis to spawn. The^' are probably tho 
fattest of fishes and when drieil at tlieir best a cotton wick [aisacd 
through the body will yield, when lighted, an illumination compar¬ 
able to diut of n poor candle. This iiiny not ii|)pear to coiuiiicikI 
tlieni us foiKl, but it happens that their oil lias a peculiarly agrocahk 
llavoF and Doctor Jortlan has described the eulnchon as being “ tho 
finest food fish in th© world, teiidei', frugrant, digestible,"' and others 
familiar with it acconl it equally high prnLse. It is cxtraonlinaiy 
that a fish of such fine qualities and great nbundaiico should have re¬ 
mained practknlly uniililized, but habit and prejudico in diet are 
diflicult to overcome. Noiv that animal foods of tho well known 
kinds are insufficient for the world’s needs, the euhichon should cuiiio 
into its own. and tlie nureuit of L'isheries ha.s undertaken to tell the 
public about it aud how it may be used. 

Tiiera are many otlier fishes in the sea, caught by the fisherraon and 
thrown away for Jack of a market, which should be iitiliitHl. Prac¬ 
tically dU niarint) fishes ana “gootl to cat ” and fill have about tins 
same general nutritive qualities, Sonic arc bettor than others owing 
to superior flavor, better keeping qualities or fewer hones, but many 
of the m^lected kinds are as good or better than thoso which are 
eaten. Besides those previously mentioned, there are sea robins, 
black groupers, black drums, the 8<K;alled rock cod of the Pari fie? 
coast, and many others which arc etc ugh t in large niimhers and nmatly 
thrown away or used for less imporiant purposes than os food. 

There ia miwh talk of speeding tip” our fisheries by increasing 
their activities, That is a laudable jiiirpuc^ when the world needs 
food, but diflicult of accomplishment ivlien labor, vessels, and mate^ 
riaLs are hard to get, and when nil are needed in tlio world's other 
constructive mid dost met iva nctivities. By all tiieuns let tis do it if 
possible, but if the kinds of fish now caught and thrown away were 
all utilised for food, tho fisheries would Ijc *‘sped ” without seriouslv 
competing with other essential things. 

As a striking case in point it is iipprupriate to mention the re- 
cently developed demand for wjiak meat. 11 lO shore whale fisheries 
of the Pacific coiist luive been prusccutnl for a nuiiiber of years for 
tho yield of oil and some minor proihicts. The flesh of the whales 
caught, when not iiRcil for fertiliKcr, was thrfjwjj nway, but during 
191T it was jiinced on the market for food purposes uud its esccllence 
created « tkmand which tho supply was not able to satisfy. 'I’Jic 
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Bui'eau of Fishfirii5fl liais tione tlni same lliiiig with oilitir sea ftxjd^t 
iiiul it call be done again with most of tboss w^hich are now ncgteotedi 
but it will require the enlightcueil cooperation of the ftshermen and 
t]je fish trade and a willingiiess on the part of the public to forsake 
prejudice and learn to ask for and to eat other fishes than those w^hich 
were known to our parents. With such cooperation the marketable 
yield of the lisheiics can bo vastly increasc<l witli but tittle incre4iSo 
in fishing activities 
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By D^vit) L BrKfDfCLU Jr. 


(WlLb (5 

A fMsntury or nioro ago Indian wig^'ams were numerous in the 
country west of ihe AUcghenies, iind only a few genenifions [iml 
sfince villages of the Algonrjumn Iribeg were scattered 
thn>iighont the vast region fmm. the Atlnntic to the Mississippi nrul 
licyond* But with the coming of the Jumestown colonists in KSO^j 
iind the arrival n few years later of the Pilgrims on the northern 
coast^ Ijiegan the gradual withdrawai of the native tribes. Some be¬ 
come al^rbed by the stronger^ more numerous bodiesj others movi^l 
westwartl^ later to fall before thesr native cncmiefe. or to sneenmh tu 
the enemachmeni of European^ and later of America q, settlements. 
Thus grEidnally, though snrely^ the native structiire$ ilisappcaml 
before the advancing civilization, and although u genemtlon ago 
many were still to l>e seen in northern Wisconsin and Minnesota few * 
now remain, and probably within another generation all ^vil! have 
vanished. 

The habitations of the noithem and central Algonr^uiau tribes^ 
from tlie coast- westwurrl to and iiiclTiding the greater part of the 
Ojibway, iip|>ear to have boon ejuite similar. The donie-shapml 
wigiviim predomi [luted. Tlie principal differeneest between those 
erected in widely separated arcus seem to have been in the kind of 
hark or mats with which they were covered. The general apjicarancc 
of the small seitlemmte waa probably the same in all parts of the 
conjitry; Ihcrcfore the ln,st remaining villages and camps of the 
Ojibway may he aoceptod os typical of all that once e.^isied in tlie 
upper Mifisis^ppi Vulby, in the vicinity of the Great and the 

\ alky of the Ohioj and ea.stward to the coast 

ffearly four centuries have elapsed since this form of habitation 
was first mentioned- Verrozzann in the year 1524 passed northward 
along the Atlantic roast, stopping at many widely separated villageSi 
one of which was evidently near the eiistern end of Long Island 
This was undoubtedly an Algoncpjian settlement^ and may have been 
a villagu of the yhimiecock near Alontauk Point. Tliere “we sa^v 

m 
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their dweilitif^ uhk'li are of a cireular fonii, of jihoiit ten or twelve 
[lares in circnmfereiK-c^ made of logs epUt in lialves ♦ * * and 

covered with rof>fs of frtraw, nicely put on, which protect them from 
wind and niin. • * * Tlicy change their habitations from pIwcB 
to place as circuinstiinces of situation and season may rciitiire; this hs 
ciLHilj {lone, O.S they have only to take with them their mAt^, and they 
have other lionses prepared at once, Tlie father and the whole family 
dwell together in one house in great iiuji.diers^ in some we saw twenty- 
five or thirty pcrsotis^”* Another version of the report describes the 
habitations as luiving been *^made with half circles of timber,” 
which would clearly indicate the circulart domc-shapcil wigwam, 
formed by bending and securing small s&plingii or branches, and 
covering the frame with mats made of rushes, or sheets of hurt, or 
possibly with hoth, os is done by the Ojibwny* And later it wdll 
diown how perfectly this early description will apply to the presen 
day 0 Jib way wigwam ns erected in the $outhem part of their 
country. 

Tho habitations of the native trib^ of tidewater Virginia, tribes 
which i::onstiTiitcd the Po^vhiUan confc^leracy of earh' colonial tlri}*s, 
as well m fbo extreme southern mcjuhet^ of the A1gon£]uinn family 
whose villngos on the mainland and islands of northeastern North 
Camlini* were discovertd b}" the first exjwdition sent out by Sir 
Walter Ealeigh in were rather different from many found 

further north. 71m sketches of the towns of Pomeiooc and Secota, 
inside by White, who ^vas ci member of the second ex[5edilion, are 
prc^ervetl in the Hritiah Museum, These show the habitations to 
have been flat in front and rear, with an arbor-Abaped mof merging 
into the side w'alls. They arc also ^inw n to have Ijeeo soniewhiit 
longer in proportion to their width than were I ho dome-roofed 
structures* However, it is not prohable that in any loculily one form 
of Inibitation w'aa u^ to the exclusion of nil othens. 

During the years 1^90 and IDOO the writer nindo several trips to 
tiortheni and central Alinnesoia, first going northward from Ely, 
across the international boundary, to visit the large lakes on Himf.- 
ers Island, htter in the year making a short trip to Cass I/ake. and the 
following spring eXEiniining the entire shore line of Mille Lac^ 
cam pi tig at the O jib way village of Saguwa' mick on tlic south shore 
of that magnificent body of water. Sfany photographs wens made, 
including some of the various forms of hahitntinn. and of other 
fUrurturca^ then erected by the O Jib way* and as these are among the 
lust to stand it is desirahk to record their form and appenronce. 

On Octolser 1&W, wo w'erc pneamped near the south shore of 
Bas&wnod l^sikc, but whether north or south of the interTiationiiJ 

*CoRflrT>ri. Jr 0. Thr Vc^tir^ ?.f Vi^mujiiifii, U at ti* ^Vtw Ulm^ 

Am. Vor 1* 1841, 
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boumiun' vvb flj«l not knoiv. wlica thu ^soutid of n drum ^vhs distiiictlv 
hrard coniitig from un Ojibwrty cami> far down tlio 0|>posite ahruT, 
some f} Juil<3B away. LBl«r m tlia day the w'riter, sccompanied by one 
Indian and using a light birch'buik eenoe, crossed the lalio and after 
passing among tiiftiiy small islands reaehod the scene of the dimoe 
which was being liekl on rising ground immediately in the rear of 
a group of five wigivams. Of these, two wei-e of the long, oval form, 
the (jinoik tiaman, ttic others were conical and smaller, the na’ atticoo' 
gaa of the Ojibway. On the rocky idiorc were 12 birch-bark canoes, 
2 of wliieh were dccoratetl, I having seven venailinn sfiots on each 
side extending from end t«> end. the other having a blue cross 
painted on either side of each end, four in all Less than 100 yards 
eastward from the wigivaina was a small cemetery, the graves coVercii 
with iirary hewn lugs, and near many were upright poles. 4 to (j 
feet in height, to the top of which were attached narrow strips of 
cloth, some r«l, others white. 

ihe site chosen for the ceremony was immediately behind the 
group of wigwams, away from the lake sIioit. Tlie space had first 
Ixscii cleared of brush and grass, then a circle of pine and cedar 
houghs had been arranged, the diameter of the circle was about 10 
f'Tt, the height of die boughs 2 or 3 f«t. The only opening faced 
the tmtith and jnst outside the circle, toward tim east, stoocl a tama¬ 
rack pole some 12 or 15 feet in height and surmounted by a ivughiy 
carved wooden figure of a kingfisher, the totem of the principal 
man of the sctticfiicnt. In the center of the circle wtis a large drum, 
siirroiitilled by several men and boys who beat it in unison. Within 
the circle a single row of mats had lieen spread on the ground touch¬ 
ing the circle of Imuglis. These served as seut.'j, the men being on 
the western and the women and children on the crt-Stem side. ,V 
large pino log placed on the ground against the bouglis, norilieast nf 
the drum, furmud a seat occupied by jUtgishkemunsit—tlie King- 
fishur—and several of the older men. 

Standing at the entrance was a young man who acted as master of 
ccremomes and who hold a piece of buck.’fkiii, about 2 feet in widtii 
tind 3 in length, covered on one side with eagle feathers and with 
long nnrrfiw strips of skin attached to two corners. All bring in 
readme!^ the men and boys began beating the drum and the man car¬ 
ding the Imckakin apron, or chippeesung, entered the citrie. passed 
from left to nght and stopfHMl before the first woman to the left of 
AhgLshkemiinsit. She jumped up and assisted in fastening the apron 
almut her waist, allowing it to hong down behind. Two men 
facing her arose and immediately the three liegnn dancing but 
never touching one nuolher. They passed four times umimd tho 
drum, then stopped before their respective seats. The woman next 
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thfi floe tt'ho had danml assfetwl in njiuovlng ihc ehipprcmnij iiml 
carried it to its kctt»r at the entrance, thou retnrnwl to her sent. 
Pho was tho nest to dance, and sf» tliuy conttnued. always moving 
from left to riglU, wiHi thoir right hands nearer llie drum. The 
dance being over for the time, two largo kettles were opened and 
tlioir steaming contents ciistributeil to all within the circle. Xlio 
kettles were taken from one of the huge wigwams and |daccd on a 
mat in front of tho log seat- The majori^ had shec'ts of birch 
barb; n few had old tin plates, upon which they were tserred. l irrt 
to receiTc his portion was the Kingfisher ; after him the nnm, Inij's, 
women, and yoimg children in the order named. One of the kettles 
contained tmiose meat and wild rice boiled together; tho other hehl 
a stew of dried hliioberricSr Thus wo left tliem. in tlio gathering 
dusk, and returned to our camp across tlie lake.’ 

Two days later we sgsiin sturitierl at the camp but a grcol change 
had taken jdace since our previous visit. I ho annual gnthwing 
which was at that time bemg celebrated bad ternunated and many of 
the participants bad tlcparted for their homes on other lakes. Only 
two wigwams nod the bare frame of another remained. The settle¬ 
ment as it aptwared that morning when being approatJtcd in n canoe 
Ik shown in plate 1, figure 1. On the cstreme left in the picture la a 
moose hide on an upright frame; just Wlow it ia an upturned canoe on 
the rtjcky margin of the lake. The bare frame of a conical wigwam is 
visible and just beyond it b ci>mpletc structure of the same fonn. To 
the right of the laj^ wigwam arc several upright poEts with others 
resting above them in n horizontal t>Qsiiion. Between thwe poles 
were to be suspended ii number of white fish which hud just been 
taken in nets. Cords formed of twisted baieswood linrk were passed 
thixnigh tlie tiib of the fish; the cuds of the cords were then attacbcil 
to the parallel horizontal jioles; the fijjh thus hung lieads downw'arJ 
nud during tho long cold season would remain fn*acn until required 
for food- Another cam» is drawn up on the shore near the [wica, 
and the path lending from it is visible, 

Tho two wigwams belonged to tytJes found far norUiwartl to tlio 
subarctic region hut which never occurred south of central Minne¬ 
sota, Both were formed of long, continuous striiis of bindi bark, 
or of several shorter pieces sewed together m make utie of the de¬ 
sired Icjjgth, kiifiwn to the Ojiliway as wifficantapaktc^k ijlaecil over 
a frame of straight saplings with others laid on the onlside to hold 
the bnrk strips In plane. Tlie inner surface of the bark served as 
the outside of the structure and this is likewLse true when it is used 
in tho nictian nf cnitocs- 

^ Jr.+ T. Ab OjlbvBr Ararrltriiti ARCbrQEM>lociit Vql. 7, Ku, 

juii4Bni lUrcb, liMW. C4l-7a. 
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A nearer view of the conical ^ngwam. the jid*" /i^iraS^ is given 
In plate figiM-e *2. ThLs was occupied hy one family and was similar 
to another described a feiv years before t 

Ttie itrSfis of hircti hark nre laM loo^l^ on, anti there nro grat chinks 
ovorT,'wliore tlinouKh iTrlildi one am pm Wsi hnnil, itnd there U the open top, 
Tlie ftuiiliy &lt rouEuJ tlio fin? In n dccte, on rusk muts made by tko wotnen 
from ruKket^ wkSeb grnw In the hikes. • ■ “ On npproneklnEi n wi^-mn, 

ike eiustojn Is to rnlse tha blanket which kungs ovt^r tke doonToj nniJ go In 
without asking poniilisaloa or kiiiKik ns with na- * • • If the Imuntes letofe 
iin the iitiW'L‘OUfi*r wltli fjivor they stay when kii> mlsea the blunket door njid 
looks in, ” Nlnd nbiiniu, iihid uhlmin (we are ut Uoine^ we are nt hoine),'^ 
wbleb Is a welcome, tl:ioti^h tiothliifr Is tbnugbt on eltbef eldo If silence l& pre- 
sen ed. • • • Arytmd the fln^ lu the miteri iiui.1 at n ilkitaneo of |^^^hups 

2 feet f^m It. nre placed stlchH &K hirpe na one's ami, in a sqnore form, 
pinrfhnEt rhe ftre; nnd it Is a oiatier of eclquettie not in pnt one's feet nenfer 
ibp flrt' timii that hoanrSfiry, t>ne or more i>ntH or kettles are hnm over tiie 
rtro iiiL the crotch of a su]j11ii|^. In the sldi^ iif the wlgwani arc filiiwtid nil tdotb^ 
food, edokirij? otensna, juirl uther property of tljc family. • • * When 
r.tie hari heen travelings nil ^lny thmuph the vlrgTn forest. In a tempertitnrv ftir 
tjiflow tctOh and htiH not peen n bnusi' tint n hettaan helnit and kmiws not where 
or bow ho Is to pftpM ihp night. It H the mffcprt eomfnrtlOFt sight In Hie whole 
world to flee (he glowing coUimii of hpbt from the top of the wl^ani of some 
wandering famlty out bunting, and to look In ami soe Hint Iiapfiy fjrndp batheU 
In the light and warmth of the Ufc-slvlng Are, ■ * * niiU ihi om% DJlbnay 

or white, Ifl ever refijftefi ndmlsston; on the WbtrfiTy, they nre ttiado heartily 
welcome, ae long as then* Sh an Inch of optico.*’ 

Other views tif Lhelnrgie wigwam, the datcaTt^ shown in figure 

1, pliite 1, n re pven in plate 2, figures 1 and 2. It ivas about 1S fpot in 
length nnd between S and D feet in width. There were two entrjincea, 
one nt ejieh end, eoch co^*erotl with a blanket as In plate 2, figure 2 
This was occupied by the family of Ahgishfceinunsit. the Kingfisher, 
at that time about 60 years of ago and a man of influence aniong the 
northern Oj'ibway. As will be (seen in the photograph, the large wig¬ 
wam had a ridgepole extending between the two groups of poles 
which were arranged at the entfe of the structure. Other pnics resting 
against the ridgepole formed the sloping supports upon which the 
long strips of bark were placed. Inalde four small fires burned on 
the ground along the median line. Kush mats were spread near the 
walls to serre as seats during the day and sleeping places nt night. 
Various bunches of herbs, small hags, baskets, and other articles 
hung from the poles. A large birch-bark Ttt/okuk stood in one comer 
and on the opposite side was the drtiin which had occupied the 
center of the dance circle two days beforr, Women were engivged 
ttx making moccasins, children were playing about, and the men. in- 

’Guauvi, ac'r. J. Tln! OJEttwa;, In njDDtwot,. tg »li«etlaD of Hu. Mlmi, flirt 

Sm., Ttil. JX^ fcSt- Faiil. IMl* pp. 55-I3A IThtIuj^ lli^d f^r Ibnb 25 

th# H&rthfrn ftjibway, br^Snatnj; Jn lR7:i. msrr fnitiiriftr wlEh the nnajun-ti E-Oti 

r«*tnni* ibfl pH)rpj«. of write with pruter anti firltne. 

051Sa“— eM 1017-40 




614 AN5UAI. HEPOHT SMITHSONIAN INSTITUTION, l&iT. 

eluding Ahgishtemjinsit, were BiUiag near the fires smoking tliair 
blAck stone pipes. 

Looking at this sm-ill camp as we epproiiched it in canoes, it 
was easy to visualize the village at Sandy Lake as it stood some 
years before, 

A collection of wigwams, some cwnlcal anA Bome oval Id sluipo Ulic 
teats, were prenrieil confnBcAl}' upon the ennily baicli, behseen which wore 
simpondvtt elthor flshlug act*, or Uubb from which boag row* of fish 1»lna 
^ fdnv canoes were Dahing off the village i a namhcr toorti 
lay aptanieA upon the ftlee of the whore a tnot of pi'rw'ia were wl* 
lecteil. evhlontly wntclilnp with »me Iniereat so udueuaI an arrival aa a large 
canoe frem the oastom share with eight paddlra * 

The habitilions just mentioned differctl greatly from those fouml 
in other partti of tbe Ojibway country. They were ucccssurily re- 
strirted to the region of large birch trees, where wide strips of b:irk 
could be easily obtained. Southward the dome-shaped wigwam, the 
f?an,‘wa 3 used, this being the type <.f hubitatiem which for¬ 
merly stood throughout the Algomiuian lerntory eastward to the 
Atlantic. An example of the latter form is given in figure 
having been one of the group of It) or lii similar structures which 
constituted the villapo of Ka' ha' shing, on the south shore of Mille 
Luo during the month of May, 1900. These wigwams extctided m a 
single line—plate 3, figure 1—parallel wiUi the lake shore and distant 
about 200 feet from the water. Some two years before the virgin pine 
on the south shore of the lake had licen cut away and in 1900 few 
large trees remabed, although the maiority of the maples had been 
spared. Until the destruction of the timber the native villages had 
stood protected in the midst of the great forests, 

'Hic wigv urn shown in plate 3. figure ‘2, was roiigldy rectangular in 
form, about 14 feet stpiare and 0 feet high in the emter. Tlie frame¬ 
work was formed of saplings, sstldom more than 2 inches in iliameter, 
one end set firmly in the ground and the other bent over and attached 
lo similar pieces coming from Uie opposite side. Other small 
branchts and saplings bad been securely attached to these in a 
horizontal jHisition abmit 2 feet apart, making a rigid structure. 
Tims a dome-shaped framework was erected over which were spread 
rush mal.s and strips of bark. Instaoces are known where the entire 
frame was covered with elm or cellar bark. The covering wjis held 
in place by cords which passed over the top and were attached to 
stones which hung sti.spended on either side, or some were tied to 
poles wliieh hung horizontally near tVie ground, as diown in plate 3, 
figure 2, The fire was omde inside on the ground near the center of 
the fioor space, although in good weather the cooking was done out¬ 
side the wigwam. The interior was dark and ilepressing, the walls 

' Otltiaaat, li inil lt» F»p Wrat }:dlsaiir*l| I^iadan, tOSQ, pm 
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saiok«d from moQjr fii^cs and the Jloors often damp. In the better 
stnictiixes of this type a second row of mate was placed on the inside 
of the frame, and when held firmly in place added greatly to the 
warmth and comfort of the interior, Siinilar mats were open on 
the grotmd and the mm pie uten^ hung from the frame. Little 
else w'as to be tieen within, 

Tlie Mido^ lodge, often a hundred feet or more in length, was in 
realily an elongated example iif the isetgino’ tjaa, Tho frame was 
similarly constmeted but often the oorering was of a more tem¬ 
porary tmlure, bougim being oceasionnlly used. The frame, however, 
would be allowed to stand from year to year, t* be covered when 
necossaiy, 

No seiLtson of the year wus anticipated with more genuine pleasuro 
by the Ojibway tiian early spring, when the maple sap began to run. 
Then they would leave their winter encuiiipments and more to their 
sugar camps wheiw, during the following weeks, vast quantities of 
sugar would bo made, much of it being preserved for future us©. 
The sap was evaporated, seldom boiled, in largo kettles suspended over 
fires witbtn houses especially prepared and retained for this pur¬ 
pose. Such a budding is shown in plate 4, l%ure 1, It stood on the 
south sliore of Nlille Lac, on hlozomatia Toint, and had been used Just 
before the pbotograpb was made in i£ay, 1800. Tliis was known to 
the Ojibway as V ckigumi' fige* vsigum^* ig, or ** house where the 
water is evaporated from the sap.^ Tho framework was heavy, tho 
covering was of elm hark One large opening was arranged in the 
top as an ontlet for the smoke. In the roar and to tlie left of this 
may be scon the frame of a doitte*shap©d wigwam, the covering hav¬ 
ing been removed. This had probably been occupied liuring the 
period of sugar niaking^ 

In plate 4, figure i, a similar elm bark covered lodge is shown. This 
stood in the village of Sagawa' mick, the principal settlement on the 
sliore of llillc Lac, and was used as a habitation, being known to the 
Ojibway as a gaka' gaogm\ ImBiediately in front of the entrance 
was an ovttbtopped arbor, covered with elm berk. The moccasin game 
being played by the group in the foreground. Several similar 
buildings stood in the village, but no other arlvr was seen. In some 
respects this structure resembles and suggosLs the houses of the Ii-o- 
quois, and this is likewise tnieof the ilide" lodge which recalls their 
Jong-hou.se. Both forms appear to have been unknown to the south¬ 
ern Algonquian tribes. 

A view of the eastern part of the i-illage of Sagawa' mick is given 
in plate 5. Frames of several wigwams are visible; others with their 
mat and bark coveringt arc in distance. This was the site of one 
of the large villages of the Mdcwakatiton Bioui who formerly 
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clnimcd and oooupiod this regiorii iind who w'cro drivon nonthward by 
the Ojibway during the first Imlf of the eightccntli centuty, A large 
group of burial mounds marks the site of this ancient settlernent; 
these are recogniiuid by the Ojibvray to have been the ivork of the 
Sioux and to have been erected over the retnnins of their dead, and it 
is of interest to know that the sutoniils of the mounds were iitilL:^ 
as places of burial by newcomers. In the view of Sagawu' mick 
many Indians are shown standing on the summit of a mound j on the 
same mound are risible logs covering recent grnye^, Tlie photo¬ 
graph was made from the top of another mound. The region is one 
of much interest, for less tlian S miles away stood the village where 
Father Hennepin, in 1680, was held captive by the Sioux. Tlie site 
was discovered and identified in IIKIO. 

The small s^veat house, plate t>, figure 1, stoofl on the margin of the 
lake ut Saguwft' mick- The frame of saplingB was covered with sev¬ 
eral old blankets. The groimd within was strewn with balsam houghs 
ttud in the center was e small heap of sand. Stones sliout C inches in 
diameter were lieateii in the fire just outside. The person to receive 
the treatment would enter the inclostire, several heated stones being 
placed on the heap of sand and o quantity of water proricliHh The 
blankets w*ere tlien closely wrapped about the frame so as to retain 
the heat and vapor, Tlie one within would then sprinkle water over 
the hot stones and steam would soon fill the small space. After a 
given time the person would rnsh from the house and plunge into the 
cold water* of the lake. Similar Ijaths Iihvo been in use since the 
earliest times and the custom was followwl by all the eastern tribes. 
A description of a sweat honsc used by the Iroquois in the northern 
part of New York during the year 1651^ would easily apply to the one 
employed at Mille Ijoc two and one-half centuries later, 

IB iMs lilflce oar wild people seeiitwl ufter the mnDcr tollowln];: firm 
Uciitnl i«Dtii>s till Uier n'i>jirp ralil na Are. ttm they mmle n lanttiernc 
moll HUchSi tnca istoarlag the [Ance ileelv trees, Mriiij; u In the 

mIclOle wherein te pnt the tttoam*. nnd cowred the plnce w'* severall 
covefs, then utrltwU tlienuiulves risked, went tnie U. They Buiilt! u tiulise as 
Jf r* dcrll wane there; after they betni; there for iin hour they caice out of 
the wntior. niul then throwiiiB one another Into the wetter, I thoiiBtit vert'lj' 
they weniv Itmaiscd. It Ik their iikiuiI Custeme,' 

Tlte most interesting of the kfillc Lac structures remains to be 
mentioneJ, the council housio^ which in Mtiy, lOtiO, was still standing 
in the dense woods, on high ground near the southwcstcm comer 
of the lake, about 1 mile north of the outlet and 200 yards from 
the shore. Two years Inter it lisd disappeared and no trace of it 
could be found. As sliown in plate 0, figure 2, it was oriented with its 
sides facing the cardinal points, abouL 20 feet square, with walla 
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0 feet in height and the peak of the roof t\vi^ that distance above 
the groud<L The heavy frame was covepcd with large sheota of dm 
bark which had evidently been renewed from time to time during 
preceding yeari. No tmcm of seats remained, and grass was again 
growing on the ground which had served as the Boor. Tbb was the 
scene of the treaty of October 5, 1880, between the Ojibway of 
MiUe Lac and the United Slates Ciovemmciitt which proved so dia- 
aairous to the former. 

Such were the native structures of the Ojibway, and although 
variations would umlonbtedly lutve been found in different parta^ 
of their ootmtryj the geneml forms remained the same. 




Plate I. 



I. Ojibwat SettlemEkt On StiOR^ OF Basswood Lake» 



2, CONIOAL. WtOWAM, Ma^AWA^AN. ShOWPv |k FiDURE | ABOVE. 
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Plate z. 




% AhOTHEH View oe the lonq Wiqwam. SHowma Oke Entrance. 
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Plate S, 



I. ViLlAQE QF NmASHINQ, SoUTH 3hdI?E OF MlLLE MaY^ 



S. WlQWAM, WAaiNdOAH, AT ViLXAflE OF MaH^HINQ. 
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PLATE 4. 


I. SuQAn Lome. South Shoh^ of Mille Lac. ivi^vp r^. 



2, HABITATION AT ViLLAOE OF ^AOAwAMICK MlUfi LaC, MaY, (SOQ. 
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XATIONAL WORK AT THE BRITISH MUSEUM- 
MUSEUMS AND AUVAXCEMEKT OF LEAiiSING/ 


By P. A, BATn&, !>♦ Sci, P. n. 
BritUK <A'rt<«ra( UUtoruy* 


t. NATlONvVL WORK AT 'TUB NATUItAl. HISTOftV MUSEUSl, 

Shortly after the beriming of the wur, oa part of on atlompt to 
clorify onr views as to the position that museum worker might 
adopt, we nubliajied on article on ** Museums au4 Notioniil Service ” 
(Museums Jtmrnnl, Oct., 1014, pp. 121-127). This dealt iimmlv 
with the work of the imtuml history depurtments of the BniieU 
Museum in the years iiiimediately prec-eding the war. The recent 
puUlication of the British Museum “ Return ” for 1916 sugpsted 
that it was time tn publish ft similar arlicle, showing how all this 
national work has continued in spite of many dilEoulties and, more 
particularly, liow it has boon utilised for the prosecution of tho war. 
This article was indoetl being prepared when recent events gave 
direful proof of the need for more widespread information con¬ 
cerning the activities of the Xatnral History Museum, A brief 
selection was therefore published in the Times (Jm, 6th, 191S>. 
The Executive Committee of the Museums Association feels, how¬ 
ever, that it will be well to Imve a fitatcinent of tliis kind isiued in 
the more permanent fonn afforded by the Museums Journal, so 
that it may be brought to the notire of all museum committees, and 
may assist them to appreciate one aspect of museum work ^haps 
more fully than has been possible for them hitherto. For it must 
not bo thought that this is a matter with which other musseums have 
no conccni. Quito apart from the fart that much useful work of 
the same character is behig conducted in many a museum, it must be 
remembered tlial we are nil iiiembcni of one body,’ and that, as nn 
attack upon one is an attack upon all, so also the benefft of one mu¬ 
seum is in the end the beneSt of the rest. Happily, we are not com- 
jietitors but cooperutors and colleagues. 

The writing of the desired article is not altogether easy. Tlie 
bluebooks are not lavish of such information, and what ia given is 
in too condensed a fonii for eonfiumption. Without the 

i R«pii[LlvNi by fftnn Ihp MwrtP* rtl. tl. pp> 120--125, 

lylis, md pp. 
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clncitludou kmdlv furnished bv members of the staff ti would have 

■e • 

Imhmi ;mpo$sibIc> to produce nn intelligible account, Tt la a great pity 
that tbi:^ should be so. DonbUess the Buthontie^ rec<:>giiisc that 
bluebookii ure not read, even by llie offieial eirelea for wLoin they 
are inteiidctl^ iiiid they luive tlierefore not objected to a reduction of 
size by one-lmlf^ enforced for economic reasons. This oidy makes it 
the more iidifisable that there should be some way of reaching the 
public—some '■^Miisoum llogazinej’^ under oOicifll auspices* but with¬ 
out the cumbmusness and reserve chnmcteristic of all ofRcitildom. 

*lLnother difficulty on the present occasion is that inatiy of the 
more important and interesting facts cannot yet he revealed. And 
still a third difficulty arises from the eh^imistanees that the officers 
of the iiiuseuni tliemselvos may be ignonint of the services renderc€l 
by the collections, llany an entjuirer after some rare niineral^ some 
piece of geological infomiationj or the name of some plant or aiiiniikl 
docs not di™ige die object of hb enqumea; his errand may be con¬ 
nected with m unit Ions, with tlic medical scrviccj or with field opera¬ 
tions* Tor him the museum is os a dictionary; an lndkpen:^ble aid, but 
uot fl confidant. The cmlit for his nsearch goes to the branch of 
the service fitr whicli he is working* and the museum is not mentioned. 
A notable instance has just occurred. Thoise who hnve read Mr. 
Balfour's correspoudence with the Netlierlands (lovenimotit on die 
subject of materials used by the Gemiaiis in their cement field works 
may have obsen'cd a reference to detcnniimtion^ by certain geological 
establishments. Tbe Natural History Museum was not tneutioned; 
yet it is in the mineral deportment of that mitseuiUf and there alone,, 
tbiit the rock specimens are preserved which rendered po^ible any 
uccuratodeteniimation of the source whence the enemy fierived his ma¬ 
terials. There ulone^ tfM>. it is that our metallurgists can examine the 
compound used by Austria in the nianiifnctnre of her high-grade 
fitcel. There alone iiro to be found examples of nmuerous inineralii 
that sine proving daily of the utmusi value to investigators of urgent 
war prohlems, Thijiigh help of tldw kind has been rendered sine-c 
the beginning of the war^ no hint of it is found in the EettimT 
for fear of the c«iaa>rs can a fulkr statement be given here. But it is 
only right to give these few illustrations, because, to read tbe bliie- 
books* you would suppose that the staff of the mineral department 
had been quietly arranging zeolitest measuring gemstones^ and study¬ 
ing meteorites, undisturbed by the world conflagnitioD* 

A similar infcicnce might be drawn from ttie amuial report.^ of 
the keeper of geology, for tbe ortlinaxj reader does not imuiediatoly 
geiz# the connection between, say, the PSUdown man and national 
dofeui^T he gn]Ks at the mi^iuftra horrtnda hiffitmm of she palaento- 
logical gutleries without attaching to them the <itnftllest prndical im- 
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portATice. Mining eJiginecrs, ind^, and oilier practicimia of 
plied science know tUiU tlic piiecise specijic determination of a fossil 
limy often decide an espenditure of tlioiisandB of pounds* Not long 
iigo the seekers after potasli in a hitherto uiiworked regiou* desirous 
of correlating the rocks beneath them with those of a neighboring 
tiistriet, submitted fossiliferous cor^ from their borings. It was a 
hsh scale ami some fragnientai^ heart urchins that enabled tlie es- 
l«rUs on such fosaib to send an answer. In like manner the depart- 
tiienl has been able to aid the nnlitary authorities in Cyprus over the 
water supply. Those who, on behalf of the Govertuuent, are now in- 
Testigating the constitution of coal find at- this museum alone the 
large collections of fosiii plants that are constantly retjninHl for ref¬ 
erence. An obscure fact of palaeontology may confirm or rebut a 
theory raised on chemical evidence; a museum preparation will show 
that the characters of the older coals can not !» due, as was sug¬ 
gested, (o anv larger amount of woody substance in the plants from 
which they’ ware formed; the bituminous nature of a ccrtairi seam can 
no longer be nscriljcd to ii prepondenmte of moss wlutn sections in the 
liepnrttnent prove coniferous wood to be the main constituent. The 
detailed study of fossil shells sent from Trinidad bos enabled a 
puliieontologist of the museum to tlirow light on the succession of 
strata in tliat island, and thus to facilitate the prospecting for oil- 
bearing depoeits. These and other instances servo to show that in 
palaeontology as in other sdences no brunch can be dieiegarded os too 
remote from actuality to have any bearing on the world of men. 

The bearing uf botany, on the other hand, is obviuus, so obvious 
that the keejser of the department makes but the barert referenca to 
the infonnalion constantly suiiplied to official inquirers on matters 
runnected with the war. We are penuiitcd to mention a few ex¬ 
amples. At Multii the material of the ormy tente was Iwing detroyiil 
by a fungus, with a loss to the Government of enormouii sums. The 
fungus was identified in the herbarium, and o careful study of its 
growth on canvtis treated in varioiia ways led to the discovery of a 
complete remedy. Kemedies have also been suggested for another 
fungus which destroys the envelopes of airships. The selection of 
timlictw apjiropriate to various special purposes, such as the different 
parts of aeroplanes, ie u subject on which the departnicnt, thanks 
to its collectioa of samples from all parts of the w'Orld, luis been 
able to render invaluable aid. Here, too, fJie inspectors who have 
to pais the wood study in prepared specimens the iippeanmoe of the 
diseases to which cadi kind is liable. A different form of study wojj 
presente<l by some fodder sent from :i veterinary comp, where it 
had to all appearance disagreed with the horecs. Examination of 
the sample revealed nn extraordinary composition but no actually 
poisonous ingredient, OtUcr inquiries have relatetl to the use and 
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source of supply of sphagnum nioas for surgical di'E^sskigs, seaweeds 
and fungi 113 food^ seaweeds as sources of iodin and of potash for 
matiureSr lichms for use as dyes. The dmiuigB caiit^cd by molds and 
fungi to foodstuffs has produced a large crop of intjuiries from all 
qiiaiierst including local food conunittees, Allntnient holders also 
have recognized the help that they can obtain from this department 
in the detection and prevention of plant diseases. To give details 
would bo WTari&oJne, It is enough to quote the words of a weighty 
letter which lletssrs. Sutton & Sons;, of the Royal Soed Establishnienl, 
Reading, addres^l to The Times (dan. 7): 

The anreiiilttfiig' loJi ami SieImji's of Use staff in lUe nuraalt of BcJcnce, tti tinier 
that Ita swTetSr vir^wn Men, umy K- uillisteiE Incrt'ut+lii^ Uie fertiUty ot Uji? 
emjU ami n>r the cropM upim ivliltU wt* dcptnnl fruai tlic of 

In^iecl umJ fungoid diseiis*??, are of Ltticallmuble vuluo to llw country anti 

Empire 

We pass to the work of the zoological departmenL The scarcity 
of the world^B food supply la causing attention to be paid to the 
suggestion that we should avail onrBelves of whale meat. For some 
years past the keeper of the dcpai tment hus been collecting infonna- 
tion as to the numbers of whales and tlie geographical distribution 
of the various kinds. Any I'cgulations^ national or intemational. for 
the captuiTi and IHIUng of these animals must be based on tlie knowl¬ 
edge thus accumulated. Reports have alreudy l>ecti furnished to Uie 
Colomol Office on this subject^ as well os on the huntiiig of elephant 
seals in south Georgia. It ia of signihcance that, in the last-mentioned 
region the whale fishery, which is as yet unregulated, bus resulted in 
a great decrease in the numbers of humpback whales, whereto: under 
the ordiiiance of regulating the sealing indiiidiry, the number of 
elephant seals shows no decrease, although over S,000 have been 
killed each year. 

The pi:oteCtion of birds and wild miuniiialB Is anotlirr aubji:?Ct for 
interoational iigreemcnt and one of great economic importanoe for 
our scattered doininions. In dealing with it the Colonial Office fre¬ 
quently refers to- the miisjuui for information and itdvice^ Reports 
have been made on the introduction of reindeer and other animals 
into south Georgia. The food value of the egg.i of wild birds is also 
under active investigation^ 

‘■^All work,^^ truly says ihc blucbook, “connected with the conserva¬ 
tion and arrangement of ihe collection of lh;lms may be regarded aii 
of potential coonomic importance,^ Officers of the l>ontft of ngricui- 
ture and fii-Jienes, witli other students of fishery^ questions, find in the 
natioim! collections material for their researches- A commercial fish¬ 
ing eoaipany- which propoised to exploit n new region, took the sen¬ 
sible ^^tep of making 11 coUectiou of the fishes and crustuceanB 



KiTlOSAI, WORK AT BMTISH MUSFXM- BATHER. G23 

found there nnd aiibmittinff it to the Xutiirwl History Mu-stuio for an 
aeoorate report. GoTernmeut departments have also been furnished 
with teporta on Uie poisonotis fishes of the West Indi^, on the 
Tiii-ious kinds of fish prcsened as ** eardines,” und on tlio lobsters of 
the cape. Bmnds of tinned “lobster’^ have been cJcamined for the 
I»ndon Chauiber of Comracrcet (tometinies with curious results, for 
one sQth brand was found to consist of the leg muscles of a large 
.lapane'^n crab. Crustaceans hare also been known to dumugo tele¬ 
graph cables and to transmit disease, while the well-known hiimflclcs 
lire the worfft foolers of ship bottoms. In oil these cn^cs the luformo- 
tion and ml vice asked for have iieen given. 

The presence of our armies in Egypt has caused a large number 
of enquiries to be sent to the aoological department, and most of 
ihesB relate to Mollusca. The fint-womi, generally culled liUharzm, 
which infests the waters of Egypt and produces the irritating dis¬ 
ease known as bilharzioaia, passes part of ils It fa in the bodies of 
Tarious fresh-water snails and bivalve sbellfish. Several of these 
liave been exurnined and reported on for the inilitaiy medical com¬ 
mission in Egypt and the Wellcome bureau. Kliartoum. The subject 
is illustrated by a special csliibit in the cetitrul hall. In Egypt also 
II snail has proved an agricultiiral pest, in Jamaica a slug devastates 
rubber plantations, in other distant lands molluscs transmit diseaso 
or elTcct material damage. But U is to the Kat und History ^[useum 
that all the sufferers come for help and advice. 

Mites, ticks, harvestere, nnd the like are always with us, but their 
dangerous character has been accentuated by Iha war. Among those 
on which advice and information have been given to tlm military 
authorities are the Itch mite, mi tea that damagiwl storetl oats in 
Flanders and stored com in Colombia, mites that caused parasitic 
manga in horses, and one suspected of transmitting anthrax in camels 
at Aden. Poultiy, sheep, ostriches, human beings, vegetation, and 
furniture are all liable to attacks by mites, and fmvient aro the 
appeals to the Xatursl History Museum from all parts of the world. 
TTie siune may bo said of the various unpleasant animals known as 
parasitic worms. 

Of nil the depaFtnienta, the entomological is probably of greatest 
economic importance. Insects are curriera of clLsease to Uutuan lieings, 
animabi, and plants^ they destroy our crops, our food stores, and our 
clothing; e^en solid structures are stealthily attucknl by them and 
fall without warning into decay. Against this host of enemies tlie 
entomologists of the country are rnnhiliTod and their bcadq Hurt era 
are at the Xutural History Museimi. Here works the Imperial bureau 
of entomology, which studies insect pcsls from all parts of the 
Empire, and bands over the material received to be preserved in the 
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niii.^i4m f^r future reference. The aitiiy biscuit enquiry has pte- 
viansly been mentioned in these pages; even those in high places 
Imve kariit from it that tliere is a value in the study ol Micro- 
Lepido|>etm, Indeed we are informed that the mere Ifibour of turning 
over infected biscuits in time of peace cost ilic country £10,000 a 
year, which has been saved by the reconimendationa of this com¬ 
mittee, The Koyal Society committee on grain pests deals with tlio 
cirganiauis tbut attack grain when in store Jind in course of shipment 
to this rounlry; the loss thus caused is great, and, as in the case of 
biscuits, is largely due to the hirvic of Mlcro-Lepidoptera. 

Wc can mention but a tithe of the matters cm which this depart¬ 
ment hsii given useful advice: Insects attacking the envelopo of air- 
shipSf locust phiguK, proteclion of teiephone and telegraph apparatus 
in the Tropics and ebewhcrc, warblea on cattle, deer, and army horses, 
numerous cases of daniug^ to food storc^i on H. iL :^ips and In 
private owueeship, remedies for the cockix>aeh in mimy hospitals, for 
body vermiu on soldiers serving or in hospital, and for the rice 
weevil in connection with beriberi, fserioaa ravages of the cotton w^onn 
on n plantation in IMontserrat^ the plnguo of mosquitoes in thu 
treoches and in tliis countiy. The investigation of the last mentioned 
is still in progress, and specimens, accoropanled by notes as to tlidr 
occurrence and habits, will gladly be received by the assistant in 
charge. 

To continue the list would be easy but wearbomc. us bring it 
to a close with two facta. First, during the past year the uiuseum 
was consulted by no less th 4 in fourteen Government de]jartincnts- 
Secondly, a single day quite roraiitly brought the foDowing letters; 
An urgent request from G. H* Q- in Franco for lantern slides dealing 
with camouflage, or what natumlists call protective niiuiki^ and 
coloration; a oonfidential enquiry from the war committee of the 
Royal Society, involving cfomdderable sn^each; a letter from the War 
Office requesting facilities for the study of ilacedoniim oiosqnitoea 
by im officer of the E. A, M, C.; a plea froin the direction of ihs 
Y. M, C, A. for two hours' extra opening for tlie benefit of oversea 
soldiet^ ill London- 

This hist enquiry may remind our readers of the great educntioual 
wurk performed by rhe exhibition galleries. Further allusion to that 
lieei outside oiir present intention, which is to convey some idea 
of one branch of the work which, though unseen and unspoken of^ 
iH ever In progress. Important though it be^ it k by no means the 
inftin work of the museum, ^MJat its Felatlon to that main work is, 
we hope to show on u future occasion. 
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n. MUSEUMS AST* TflE ADVANCEMENT OF LEA USING, 

offer ISO vlo)<‘ii«! a'wl «prwnl no oft* JiiilpnenU of roen, 

hut letifl thm on td things IheiiiBeJvos. nml tlirir relatJimx ; (hiil they 
iiHty view tiirfr o«p utoiw. what they hnvi; to rtMiswft nbout, anil wli-it 
Hiej- uioy ai14 or proeute far t)»e compwn gmid.—Bn«wt. 

Kight OP nine years ago ibc sugar cancs in a part of llaiiritiiis Here 
found to lie suffisrinc from the attacks of a beetle lam a wbich ate 
their roots. The Governmeint entomologist was called m md and 
prorisioually determined the beetle as a sspecies^ of Schisonychfi^ a 
IjameUiconi genus characteristic of Africa and said to be rspreseotet 
by two species in the Madagn«om region. The only remedies that 
wiggestcd themselves were to dig itp the root stumps and destroy 
the larvae and to catch the beetles on the shrubs to which they flew 
for their food at night. In this way the pest was to some estent 
kept under, but the method of attack was lengthy and involved the 
einploymeiit of much labour. Although more than twenty-seven 
million insects were thus accounted for in less than half a year, the 
iiatuinl rate of mnUiplication is ao great that Ae area affected rap- 
idly increasedj and there was serioma risk oi rmn to the whole sugiar 
indtif^try of Mauritius. 

lleunwhile the entomologist of the island had taken the prudent 
step of sending speciuitos to the British Museum for Tnons accurate 
determination. Beneath the scrtitiny of the specialist in Coleoptcra 
the beetle proved to belong not to the Old World Schkon^cha hut 
to the American genus Phyiahfet Of the actual species, however, 
no description or record could be found. Search through the vast 
L-ollectiuns of the entomological department oveutuaJly brought to 
light three specimens labeled “Trinidad.’' This was evidence that 
the species occurred in the West Indies, though unnoticed by the 
entomologurts of those islands. The latter fact indicated that it 
could not be causing so much damage to the sugar canes in its native 
home. Therefore the nest step was to track it down so as to dis- 
cover Us natural conditions of life and. above all, what served to 
keep it in check. A akilled entomologist who wim visiting the West 
Indies was entrnsted with specimens from SlauritiU-s and eventually 
found both beetle and larva at the roots of cane stumps in Barbados. 
How, then, is it that the sugar crop of Barbados has not suffered 
from the attack of this larva to a noticeable extent? This depends 
on two natural enemies. One of these ta the so-call^ “ blackbird" 
which follows the workmen when rooting up the cane 
stumps and eats the larvae, It cannot, however, rcacii the larvno 
imdergitRind. Tlie other enemy, though less conspicuous, is moro 
ifucccsaful. Attached to one of tbs larvae brought hack from Bar- 
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l>ftdo« to the British Museum in spirit there was found o tiny grub. 
Its appcoraf^cG and the monner of its attachment suggested that it 
biJonged lo one of the Scoliidne^ those Solitary Wasps wbieli pnr- 
at^'se Lanieliitom larvae ms- tliat they may form food for their ot\ti 
young—an operatiwi well known to us all fi^ni the accoujit by 
Fabre. Further research pro^ eti the grub to be the larva of a species 
of Tiphin^ 11 Scoliid coamion in Barbados, though its economic im¬ 
portance lifld not been riialisetb An all led species of Scobid exists 
in Mauritius but lias not attacked tlie invader^ wliieh being thus 
quit of ilsr original enemies lias multipliefl to tlie rnortnous extent 
previously d(?scribe(I. 

Tl»o P/iyiahiJi larva had no douiit Wn introduced into Mauritius 
with ^tuc cane ruttiiigis imported from tlie West Indies a few years 
before. It now became an import ant matter to introduce the Bar¬ 
bados Ttpftiiu This was less eiusy, for the voyjige is n long one; 
tile inj^‘ts died on the way, and more than one afienipt had to lie 
made before ^uccetss was finally achieved. The wasp is noAv estab¬ 
lished in Mauritius and hns, begun to spread^ so that the future of 
the sugar plantations is assured,* 

T have recoilntei;l this rfunaiice of modeni science at some lengthy 
not because of us genuine ititerert nor becnii^ of tJie large property 
at stake, but because it shows with unquestionable clearness the pre- 
clfto pait that sliould be pJayed by a museum in oil enquiries such os 
those mentioned in the article on Xotioiial Work ot the Xwtural 
History Museum (Mii^ums Journal^ XVII, pp, 120-125, Februun^j 
11>IS) and indeed can only he played by a museum with Its great 
collections and iu i^afr of a^peci jists. For, note tliese [wiuts: Until 
the insect was accurately determiuefl no successful remedy could be 
siiggcslech The insect could not bo fletermincd by the %’ery capable 
cutoiiiologbt of Jrauritiua in tbo absence of the nectary collections 
for compariaou* Indeed, since the species had never been describedj 
it was possible to run it to earth only by means of the gieat collec- 
lion that has been accumulating for over n century ut the British 
Museujxu Altliotigh th^ museum specimens were not actually named, 
still they wero projjcrly arningctl in their correct genus und faniifv^ 
so thiit the specialist capable of detcrmlnjog tlie genus of the Mau¬ 
ritian specimens was able to nmke his comparison without ransack¬ 
ing the whole insect colleciion. Finally the rauseum specimens re¬ 
tained their original locality label. The suggestion that the larva 
might have been imported from America was mado as soon a^ the 
gcnn^» was correctly identified, but the ^lauritian authorities rei- 
gRtiM it M quite improlmble. It the iictnnl running down of 
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tliB Species* that proved the point and led to tKr siihseqiienl itriestl- 

jriitfon and remedy. . . vu 

It would lie through numbers of inquiries with ii 

practical bearing iiud to show how in earb caiso the wlution of the 
prbblcin depends sooner or Inter on tlie correct i(lentifi*.tttioti of the 
species involved. For thU ideiitifiCRtion recoui^ must be had to a 
apecinlist, citlier eniploycd by a mnseuni or having occcas to its col- 
iections. As I write there is a lively correspondence in The Times 
al>out the fisheries of Newfoundland. In tlie midst of mueh sjiecu- 
lution and suggestion one solid contribution is made by the asistant 
in charge of the fishes at tlie British Muoeum, namely, an exact list 
of the flat ilshes found in Newfoundland ivatei-s. By this the sub- 
sequent discussion must he controlled. Or, to tnhe a problem of 
medicine, we all realize hy now that the health of individuals, of 
armies, of nations depends on a correct nppreciation of oiostiuitoesj 
we know how the application of this knowledge permitted the com- 
pletion of the Panama Caiml and thereby greatly strengtliened the 
position of the I'nited States and the MUes in the present war. 
But do we all reallBC the patient collecting, sorting, and discrimi¬ 
nation of the numerous gencru and species of mosquito that pn ved 
the way for tlie siicrcssful attack on tUo diseases transmitted by 
them? Do we realize that our army medical officers in the dltferent 
theatres of war have to lenrn the species of mosquito Hgiiliiiit which 
they arc sent to fight nnd that they come to our great museums to 
acquire this knowledge? 

Similar proofs of the practical importatice of the most ivfined 
systematic study might he ndduce<l from every branch nf the animal 
and vogctiible kingiloms, from their fossil as w-dl aa their recent rep¬ 
resentatives. The same holds gwul for the collection and systematic 
ordering of rocks and minerals. 

Some may think tlml too much eniphasis is here being laid on llie 
practical or economit value of the work on wbat is called applied 
ficiencf. They are quite right It is an attitude that has l>een foro^ 
upon museuni officials by the incapacity of so many of oiir public 
servanta to understand the value of miy science that has not an inmie- 
dintc pnictical application. It is true that these people less dimly 
appTThentl (he relation of physics and diemislry to industry and engi¬ 
neering. for they have tlie results thrust licfore them every moment 
Ilf the day in the telephone, the clcetric light, the safety match, the 
motor car. and all those fncilitics Avhich so niundonsly lUstinguisli 
our modem civilization from that of only a century ago. But they 
do not have broiiglit to their notice the ctiually mid though less 
obvious connection between that same civilization and the natural 
histon' sciences. Coascquentlv. when protests were nuseii against 
hnndillg over the building of the Natural History Museum to another 
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GoTeromont department^ there ^vere many quite rnUonnl and vr^ll- 
meaning people who said, “ Wellj what^s all the fufis iilxiutT Every¬ 
thin^ must give waj to getting on with the WiivJ* So it was ni:^- 
sary for us museum folk to esplain to these geiiuinet if ignorant, 
patriots that we, too, were getting on with the war quite as much ns 
the departments for whom we were to bo ousted. 

Kow that tlie immediate danger ie or, w ithout relating our efforts 
in the national cause, we can return to an attitude that is more digni¬ 
fied becHU^ it is in harmony with the w hole truth and not merely 
with that small part of it which js best adapted to catch the public 
eye. Wo can insist once more thot all knowledge has its value, that 
^ the knowledge and the power of man coindde,” nod that yon must 
have science before you can apply it. This leads us to tlie ne*vt step 
in OUT aiialyms, nanicly, to consider the relation of museums to pure 
ecientiGc irs^earoln 

Tijere are many distinguished biologists who apjjear to be unaware 
of the research that la carried on in sudi an estaVdlsliment the 
Natural History lifniseutn, and who seem to think Uial the wort of 
museum naturalists can have little to do with their own studies in 
morphology, genetics^ erperimenlal emhr^^ologj', and all those lines 
along which advance has of Into been so rapid and brilliant. This is 
a great mistake, and one fitim which they miglit have lieen saved 
had they considered more closely the history of the biological sciences, 
and had Uiey realized the interdependence of all branches of science* 
Zoology and Ixjtany made but slow progivss until there arose the 
great classifier, Linnaeus: Linnaeus w as no *^mere systematist,’^ but 
the need of his time was the orderly srangement of the multitudinous 
collections that were flooding in from all parts of the world and tlie 
coonlination of the scattered facts that had accumulated concerning 
the animal, vegetable* and mineral kingdoms. Until tliL-i had liecn 
done, until species hud been discriniinated and named, there could t>e 
no science of comparative anatomy, no discussion as to the origin of 
species, no strntigraphicaJ geology, no philogophy of geographical 
ciLstribution, no firmly bftfsed theory of evolution, and no science of 
breeding* By cJassifying and arranging the royal and other collec¬ 
tions at Stockholm, the university collections at Upsala and else¬ 
where, Linnaeus »iul his followers wrere the first to rake museums 
above the ciiriosity-shop stage and to moke them an engine of scien¬ 
tific advance* Here it particularly interests us to remember that it 
was Solatuter, the favorite pupil of Linnaeus, who inlrotluccd his 
methwls into all the natural history work of the Britbli Miiaeum. 
For many a decade the need for this systematic classification con- 
tinucfl urgent; explomtion of the lands and waters of the world and 
of tlie rcx?bK beneath its surface pilrt] up in our museutns collectloiw 
that l>ecomc riches only in projwjrtion as they were wcwkt^tl tjut, de^ 
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strLlted, nntnud, ttiid storeil tn ucco^Kiblc oi'd^r. CoilcctioDS stili pour 
in, und tbu aimie work Uiis lo |io on, whllu (he oilvanee uf ItnowliKjga 
cvtT involves rtvisifin after revision of the oUUt olassifications. Our 
work IB never done. 

ileiinwhilc on tJiis fnunrlatioii btive ttrjsseti all tliosc other branches 
of biolopeiil acieinca, rnch of which in its turn has secmetl to its pro¬ 
fessors to Iw leading tiie way. When I entered the ranks the Uibora- 
tory zoologist contciiined the museum worker; then arose the biome- 
Irieiiin with his scorn for the strainer of .sections; to-day wo all are 
es pec tod to walk humbly ijefore the experimental embryologist, the 
oeeulogist, and aliove all the geneticist. 

Hut we museum aystaniatisbi do not intend to walk hninbly. We 
assert that the foundation is as necessary to the building os arc roof 
and pinnadcsi. What was the foundation in history iximains tho 
foundation to-day, and our eolleagues ignore the fact at their periL 

Tho occologiiji and Qeld-naturalist probably retilize more than tho 
others how dependent they are on the correct identification of tho 
creatures they study. Yet Dn L. H. Bailey, whom no one can accuse 
of looking on the world from a narrow mnaeutn window, has recently 
warned the nccolugist that he may " fall into false comparisons by 
carelessness in identifieation, or by inattention to critical dificrentiap 
tions. It really matters very much whether a given distribution rep¬ 
resents one specific tyTW or two or more very closely related tyTics; in 
fact, tbe signiBoince of an ecological study may depend directly on 
allied tivKonoinic rclationabip ” (Science, 2flth Dec., 1!)17), Even 
Fnbrc. for all his magnificent disdain of the a.vstcniatist, wibmitted 
tbe naming of his prizes to a leatmed entomologist of Borden in, and 
on one occasion bad to confix tbat, since he did not at first distin¬ 
guish between three spectra of wasp, ho was iiunble to nscrilw to each 
of them its respective nest. 

But (he experimetiial embryologist! Ho will conduct iagenious 
experiments for weeks or months, will promulgate revolutionary 
ilieses from their results, and then will calmly toll you that the eggs 
belonged to “ tbe common starfish,” or to ‘‘ the Ecldnm of on r coasts.” 
So, when a worker on material from American wai^rs learns that his 
results ure not confirmed by colleagues at, say, Naples, he suggests 
that the sea water must, be differeJit; it does not occur to him that 
the species may be, probably is, different. 

Tlic geneticist and the system at ist are both attacking the same 
problem, but the geneticist cultivates hia patch more intensively and 
deale with diffcneiices oven more minute than those of the sj'stematist. 
One would expect him therefore to be even more precise in tho identi¬ 
fication of his material. Unfortunately too miiuy pa|iers leave the 
reader imcerlnin as to the exact species with which the writer was 
dealing, A large anintmt of work has recently been published on 
05133*—1017-!l 
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inheritance In the (ly% Dmsophth; bntt Dr* L, O. Howard hns 
wriJtcnj “ knowing that there are marc than -^0 species of Promphi^^t 
in tha "Tnited States, it gives me an idea of inesactness when T ace 
so many of tliese papers in which no species is mentioned. The 
writers seem to be entirely mdifferent on this point ^ (Science* 25th 
Jan.* 1018)* In view' of the curious differences in habit* mode of re¬ 
production and development, physiologictd chemistry, and the like 
that obtain between species of closely similar externa] jippenrnnce* it 
should be plain Hiat the most rigid determination of the material 
under experiment or oL«ervation is ^he first step on which the reiSt 
depends* The worker wlio omits this preenutIon is like u chemist cal- 
c Ilia ting atomic weights from snlta liought at n t^heap drug j^tore. 

"Wliat is true of the purely biological scienccii applica also to vari- 
nm branches of geology and anthropalog}"* using those terms in their 
widest pcjssible sense. Jlodern stratigrsphvj w‘ith which intimately 
jt^Iated tectonic geolog}\ leading on to dynnmicBl geology and the vast 
sweep of cosmogony^ depends Tnore and more on minute discrimina¬ 
tion tictwcen the successive mutations of life forms and the study of 
their geographical wanderings. Here the museum systomatist and 
the fiidil geologist miiot cooperate, the latter by extensive and in¬ 
tensive collecting of fossils, the former by accumulating material 
from oil horision?i and regions into one place for direct comparisoii 
and intimate scrutiny. If petrology must be studied first in the fielil 
and the laboratory, it is the muE^um that must preserve for reference 
a standard series of roebs and minerals, rough-hewn* polished* weath¬ 
ered. in hand specimens* and in thin sections^ representing all local¬ 
ities and the varied mocles of oceiirrence. TTie ethnolngist w^ho frames 
hypotheses of migration without a comparative study of material 
coming from all parts of the world and illuf^trating di:$tinet branches 
of human activity lo bound to fall into errort it is only in museums 
that fiuch ft study can be made. The dependence of the archeologist 
on muflctims is no less obvious, but even the hi!=storian of later ilays 
would frectiiently avoid mistakes if ho would make himself more 
familiar with the conmte evidence pTfsserved in our museums, often 
ft surer witness than documents colowl imconseiou^Iy or with intent 
by the prejudices of their writers. Thus, in the hands of Jlr. X. W. 
Pollard* the technical details of certain printed l>ooki 5 have thrown 
on the history of religious toleration* of the lilH-rty of the prm, and 
of the theater in this country* a clearer light than was afforded by 
existing written statements. Or, again, ttio history of the scattered 
Greek communities from TOO to BOO B* C. h wonderfully elucidated 
by the history of their roinage w^hich Prof. Perry Gardner has just 
published. And, as tiie Tim^ puts il, without the stately iirrav of 
volumes which form the Hritish Miisseiim Catalogue of Coins*''" the 
latter history “could not be attempted.'^ 
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Tt would be x>035ib!e to amplify the pr™dLii^ sketch of the rela¬ 
tions which niii3M?uiTi work bears tosthe various branches of knowlodKe, 
one might even extend the principles to the art^ nnd crafts; but 
ORDiigh has perilsps been said to explain the conclu^cinj^ which foh 
low' and to justify the dogm^itic foiin in w‘hich they ore east- 

The first business of the museum is to afford a safe and permanent 
hmna for eoIlection?iE of fna^ertiil objects. These may be acquired 
through others, or the museum may with odvantage send out its own 
collectorfe. That is a question of administration; the e-^ntiat duty 
of the museum ofiiciul h the pi^ervation of the intrusted 

to him^ 

The next business is to see tliat every siiecimen is fnmisheft with 
all indication of its original locality^ mode of occurrencet and any 
historical fads coticeming it* SI any ways of doing this are familiar 
to curators. 

Tfien the specimens must be arranged in such a manner as to be 
readily accessible for reference by accredited students- To ac¬ 
complish this is required, first, a logical scheme of chissifieation. 
This scheme must be practicable for the caratorj who is inevitably 
govern^ by the mode of prcser\‘ation of his specimens (e. g-^ in 
spirit, or skins, or fossils). On the other hand, it must be in rela¬ 
tion with the schcJiie adopted by the majority of students—wbnt 
the}* would admit as a scientific elasslfieaiion. Tlie curator there¬ 
fore must he familiar with scientific studies, and he must have such 
knowledge os wdll enable him to perform the necessiarT prcliniinariea 
of identifj.’ing and sorting. Since no nuiseum in the worhl lias a 
staff large enough to permit of officials having the dctiiiied knowl¬ 
edge reqturcd, every niuscuni in greater or !ess degree is obliged to 
call in the aid of speelalL^ The iiukIcs of obtaining this outside 
help ore various, but there is no ncwl here to reveal the secrets of 
dil>Iomacy* However they bo persuaded, such naniere and sorters 
are fur the nonce museum workers. The official curator has to 
gather up and apply the results of their labours^ 

Next, for the initscum to be of its full value to the scientific public, 
especially to wmrkcrs in other countries, it is necessary to publbh 
catalogues. Tlicse need not always rival the monographic volumes 
issued by the Briti&h IMnseuin. but they must follow the scientific 
clarification and must be something more than mere lists. Their 
compilation requires critical judgment and thorough knowledge, so 
that here, also, the sendees of outside helpers are needed* 

The cohstant acquisition of novelties that will not fit into existing 
classifications, and the discovery of new facts concerning species or 
objecte long known, necessitate a perpetual revision of the systematic 
arrangement. Hence the mn^uni worker can be no mere recorder 
of the obvious or converter of other nien^s liibours, but is himself 
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forced to extend the boumb* of science. Applying UIs coiitimiona 
experience to n large store of specimens from far nnd near, the 
mtisenm Eystonmtiat may often have a broader view than one ivhose 
studies (more attnictive, more profonml if J'OU will) have Iwen 
limited to n single country or to ii few isolated species. But he will 
rightly desire to base hla conclusions on something beyond his inii- 
seom pxperipitce, end nowadays the better type of museum worker 
generally docs so. Again, to quote Doctor Bnilcy: 

tVe do ncu rifullise llait there Jw now appcjirlaj: I he itwilern tiyslenuitlrt, who 
L» not an berhti ritifit Imtli. but b Stfotl Add man, on ovoluttonlut ond plnnt 
pioSTaplitT. one tdglitj' aklTletl In IdentlflcaHon. bjhI rdnforwt liy mucli w1- 
tnScrfil trulnltii^ of a i hikmctcr. 

Let thiA* however, be quite clear- It is not the hiisiiiess of the 
museum man, as soch, to conduct expcrinienlal rcsetireh. to make 
field surveys, or to apply his knowledge to industrial process^ It 
is his business to supply the lalKiurers in all those other fields with 
the particular kind of knowledge that the museum can best or can 
alone furnish- He can, as our Mnoritian story sliowed, identify 
specimens for them, throw liglit on their origin, give Information 
iia to theii' natural environment, and thus suggest further research 
or practical applications of the knowledge already to hand- Some 
niay say; “If this is till, why should not si library serve our pur-^ 
poeeJ” For one reiison, as appears from the same story, because 
the to be gleaned from museum collections are to be found in 
no library, In any «uso the identification and comparison of speci¬ 
mens are far more easy, rapid, and certain by means of collection?. 
The opipions of the niuseiun expert are based on knowledge draw'n 
from the actual specimens in the miisourn. Marc book-learning is 
of no LiTaih Moreover, no c-xpert carries all his knowledge in his 
head. He is an expert becfiiise ii* is, ns it were, a part, of his eollec- 
tions and underetatuls how to use them for hU rewnrehes. TUo«0 
who send enquiries to our niuseums often seem to think that an 
answer can be despatched by return of post. More often is it the 
case Unit a single question demands hours, days, or weeks of study. 
The search for evidence, the piecing together of scattered threads, 
and the formulation of exact resulla make up a lengthy process for 
which continuity and the concenlratiotv of attention are required. 

But we want Qm public of scientific and of practical men to realise 
that we are wishful to help them, not indeed by doing their work 
for them, hut by opening to them the resources of our museums. 
It is a great pity that workers in general do not make more use of 
tho museiitus. How often, after reading some elaborate memoir, do 
we not exclaim: “If only the silly fellow had taken the trouble to 
eoioe to us, what a lot we could have shown him! ” The pity of it 
is that science is the loser, and the world at large the aufieror. A 
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few atriking iastjincips uro frc^h in my perwiuil «xjw5eiico* but I 
refrain from closer should this bef la it laziness, 

or is it not riitlicr purl of that ignorance which it is an object of this 
article to dispel ? Probably ihe latter^ for a well-known British 
s^fXilogist was rccetitly founj to believe that, the specimens e^^Uibited 
in the public gallery represented tlie whole collection of in 

(ho Natural History i^luseunn He may have been on estreino casoi 
but be was nut i\ti isolutiid one. Few^ indeed, appreciate the riches 
of the muijcuii^ or the facilities plucctl by its officers at the disixiEal 
of all single-minded seekers after knowledge. 

It is also not roalisicd how gliid we should all be to accept and to 
retain for future gencnitions of s^ucniific workers the nmtermi used 
by the researcliera of to-day. It would certainly bo of great ser\’ice 
to retain samples of the plants and animals used in iinportuzit 
breeding experimentsi by this I do not mean mounted exhibits* such 
as wo have at She Xatunil Hlstoiy Miiseunu but ordinary luliilt 
specimens of the actual materia^ prepared for storuge. If that >verc 
done there need never be any uncertainty as to the species wdth which 
anyone had w orked^ and^ though minie^ might cliange^ the standard 
specimeu w ould remaiii a |jcrpetuiil wutneas. Microscope slides con¬ 
stitute another form of evidence which might be preserved in 
museums with (he greatest ease. Slides tlmi renmin in private 
ownership are generally dc3ti*oyed- 
If the true nature of iiinseuiu work is not uuderettXKl, even by nieu 
of science; if the advanUigCij to he gained from a greater use of 
iiiusenms arc nol realized; if there is distrust rather than coopera¬ 
tion between those who are working for the same end by diverse 
niethuds—then it may be that the fault is in part our own. Perhaps 
we w'ithdraw too ostensibly from the prt>fanmfi and display 

too little interest in men and matters outside the walls of our den. 
In our own interKts, as w^cll as in those of «ur country, tins state 
of things must not continue. We must no longer pretend that the 
more or less intellectual gratification of the mun in the street is our 
chief aim. Let ns daiv to be frank with the people, neither deceiving 
them as to our object nor leaving Ibein ignorant. The popuhtr 
articles being isaucil by the United Slater NDtioiia] Aliiseiinii and 
largely intended for use by the press^ are an example of judicious 
and digiiilietl Lid vert isement most wortliy of our imitatiom It 
j^otind^ a truism to say tliat the greatest enemy of knowledge is 
ignorance, but fur all that the remark wUl bear some pondering over* 
ff w^o can not ju.-itify and explain our particular bits of w’ork to the 
men of ordinary education, we may find possibly that we caw not 
justify" tbem lo ourselves. Tliat, at any rate, would be u gain. I 
believe that the m^M eisoteric brunches of niu^tun w^ork can be 
juMified, to ourselves, io our sciuntific cuUeagiies, and to the public; 
and tlml it is our boiitidcn duty tu do so without delay. 


5(¥i]thiofilttii R«pOrtr TSl?. — Wtumanri, 
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I.EOXIIAIID FUCHS, PHYSICTAN AND BOTANIST, 1501- 

15CG.’ 


By Fklt* N'njy ASK. 


I. 

One of the most ’wonderful dtoptera in the histoo’ of cmnkitiJ and 
ill the development of the human mind is tliat period of the late 
Middle Ages, particularly the fifteentli century, which we call the 
Itenaissauce, or the tlitte of tlie humanists. Literary in its aspect, it 
gave birth to the revival of karning and paved the way for the 
modem spirit of Enrofie. The study of classical antiquity os dis* 
closed in literaUire, art. philosophy, and science of ancient Greece and 
Rome became the object of all scientists of that epoch and infu^d 
now life into the spiritmd stagnation of former evnlurics.* The in¬ 
vention of printing in the middle of the fifteenth centmy revolu¬ 
tionised and facilitated the dissemination of knowledgi*; the discovery 
of a new continent near the closse of tliat century enlarged tlie 
geographical and spiritual horlitoii and opened unlimitetl pcfspcctivas 
to the human mind. This was the foundation on which teaming in 
the sixti'ciith century was built, and with Uib begins our modern 
history. 

ilumanism originated in Italy and spread slowly over Europe. In 
Gennnny it took root about the end of the flftecntli century, and it 
reached its zenith in the first two decades of tlie rixteenth century 
so that Ulrich von Hutten enthusiastically G.vduim«d: 

The ml nil Im awiikcnlnj;. art-* and wileiice ore rtmirishlne. Oh, centoiy. wli«i 

liSeiaMurL' lit Uvi" In thw! ^ 

The study of classical antiquity naturally manifested Itself in 
the prerakneeof pliilologicul studies, and otauiijed all invi^tigatiuiis 
la the various branches of science of that e^ioch. No other branches 

1 fl«id liefiir^ ItiP iVxietJ iif Mrdlit-al ur Oltlnvo, Jin. 1017. 

xVoifil, fJWiP- DJi^ iVoililfrffapk'buniE df* Altirlnm* nifl* trmtit 

dtM llumulikaill- ^ Bdu. 3k Aiift., bvi«KPifL ran M. l«*-linrrT|& CJ, 

AHulum; O Uuwl ^ . Viarrnt IrtalL*, flttriat InK^ta. -^ITlrlchii 

van UTittvn ^Lrlflrn, bPUt ™ TAmHt JS&Alnfi. Kpluidjt iul UinijaCdqDi Plrektit^jmirr, 

25 Occ- 1 . Jk 517 i Ik <ir laou. 






636 ANNUAL REPORT SMITUeONTAN INSTITUTION, urn. 

sltowed this infliiviiw of hiimiiuism mciio than metUciiie sun I iiiitiiTal 
sciiMice, and it is no tsaggi.‘riition when the pliilosopher Wiinlelhiinti' 
sajs in his history of philosophy: 

KQtunLi * *cteiic?e tSu* rtf JiunumlFTrL 

The history of medicine in the ihirtccriih aTid first port of the four- 
teenth century covers that periixl which has been calJetl the Ambic 
era; a period which gave a new impetus to the scicotiRe evolution in 
medicine and enriched nicdical science in man}' fields. But while the 
Arabic influence is not to Ls! UJiderrated, it becami' e^'ident upon the 
revival of learning and under the growing influence^i»f classical 
Eitudies, especiullj’ of Greek, that the Arabic medical ivriters, inelnd- 
ing AviTOniia, had never had access to the originahs of the great 
medical writers of antii|Uity and therefore had either misinterjireted 
or misunderstood their doctrines. It was felt necessary to go back 
to the original source of information, to study the great writere in 
their original language, to examine critically their writings, to com* 
pare tlie different texts, and to annotate them for better iinderstaTid¬ 
ing. This was the origin of iliat tejidcitcy in medicine during the 
latter part of the fifteenth and the first part of the sixtecillh ceritnry' 
which stimulated the scientific endeavors of many medical writers, 
who formed what Hacser* so appropriately terms “The philological 
medical schixil.” 

IT. 

Tlie most promUiciLt of thm: mriters, eipally distmgtiishGd for liia 
learning both in pbilologj^ and in medicinOj and also aa one of tbe 
foLudei-^ of i^ientific botany, is Leonhard Fnclis* whase nfime h 
commomoratel by the genii& Fuchsia namcxl in hi^ honor* WTiilc in 
the histories of botany Fuebs is treated wUb that tborougUiK^ which 
he deservesj the historiographers of mccUdne have paid less attention 
to him with the eJtccption of Kurt SprengeL* llacser, in ihe short 
chapter devoted to the philological mt-HlIeal school, mentions him 
amotig the other writers who i^elong to this circle. The character 
of Fagel-SudliofTs introduction to the history of medicine * precludes 
{I detailed sketch of his life and wort 

Leonhard Fuclns^ bonii in ITiOL at Wemding* Bavaria, was the son 
of Johann FnchSj a councilor of the same town, and of Anna T>cnton, 
whose father was also a cnuncilor. Since his father die<l when he was 

1 w. 0«chlctar aoT Ch n 2 JlrfH- 

kopr k E[iri?i. laii. 

l^hrtwcb ilrr CSwbkhti- dipr ili-dlgiti. 5. nrfljboltuiiE 3 

jrMn n- 

*Spa-nrri. Kurt %r j. V*TPueh tUrr tir'a-inallKhi.p ilmi-blElii# jirf AnuMkkitMlr 

a Anfl 0 Mf, llilli-. -I- J 0*li«apr. 

J. n OwfUhrnDir tn ill*' riK-^hlchlr H|rr MtMiLzLit 2 . Ault nupchp-^rhi vuii 
jUrl SDilJsi»ff> lifFnti. B. JUllJ. 
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only 5 yon re of tigc, tlie credit for his e<Jncutioii belongs to his mother. 
Me' firk ottended ftcliool iu the town of his birth, mid must have 
manifested c^iccptional ability and seol for leatning eveti at that early 
age, for be was only 10 years old when Ilia mother, who evidently w as 
in good cireiimstancca, sent liim to neilbronn. in Wfirtemberg, to 
a seliool which had won a great reputation under a certain Conrad as 
head master, who iustnicted in Latin and read with his pupils the 
comedies of Terence and the otles of Horace. Here he made such 
rapid progress within a year that it whs tliougiit iididsahle to send 
him to the St, jVIaria School at Krfiirt in Ttinringim There he re- 
niLiiiiwl a year and a half and distinguished himself to such a degree 
that he was able to enter the University at Erfurt when in his thir- 
toentli venr. He pursued Ida studies w’ith the same eagerness and auc- 
ce^ as before, and the baccalaureate degree was conferred njioii him. 
lie was also given an api>oliitment as instructor in the same institu¬ 
tion, Tie returned to his homo town for a sliort interval and, al¬ 
though verj* young, conducted a school witJi great bucccss. But his 
niiibition and zenl for learning was not satisfied, and in 1515 he be¬ 
took himself to the University at Tngolstiidt, Bavaria, where he 
studieii philology and philosophy. The University of Ingolstadt 
since its foundation in 1475 had taken a prominent part in the dis- 
seminatioQ of liumanism ’ and had counted tuuong its teachers 
acholara of llie highest scientific reputation, among them none more 
famous than Johann Iteuchlln, perhaps the greatest of the humanists, 
the reauEcitator of Hebrew ami Greek learning, and who is rightly 
called “ tlie Father of the Reformation.” This ^at tmm was one 
of the chief teachers of Leonhard Fuchs, with whom he studieii 
Greek. Hebrew, Latin, and piiilosopby. Another teacher of high 
standing was ,iacobua Ccporiniis, who was also his instructor in 
these three languages. In 1521, when 20 year® of age, Fuchs finished 
his studlijs, after having received his master'e degree. 

During this period he acfiuainted himself with the writings of 
Tdartin Liilher nnd accepted his dwrtnnes, a fact which had great 
influence on his life. Indcsjd. it is not impossible that the acceptance 
of the new creed led him to the study of medicine. His critical mind 
was awakenial and .sharpeninl; he was pi^sentially a man of facts, al- 
thougli still very young. For thm^ years he studied niedicinc at the 
University of Ingolstadt, but he did not negWt his cliissirai studies, 
which enabled him to read fluently and to understand thoroughly 
the noted Greek writers and matle him one of the best Latin writers 
of the sl-xteenth cent my'. On March t, 1524, he acquired the degrro 
of iloctor of medicine, then moved to ^funich where he practiced his 
prefession Buccefsfully. His residence in Mutiich. where he married 
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Anna FrietlLergvr of tlic stinie pkco, covered litllv more than two 
years, (or in ifay. liiSO, he returned to Iiigol^tjolt to Income a lecturer 
of medicine at the iinivereif y, and also to p met ice his profession* He 
must afreadj’ have won senne distinction in this direction, for other¬ 
wise Margrave George of Ansbnch would not have appointed him his 
court physician. He entered upon bis new duties in May. and 
soon gained tho confidence and friendship of the margrave, who also 
had accepted Luther's doctrines. lie became known as a successful 
physician, esiiecially through his trentment of the English sacating 
disease, which in 152^ spread over ii largja part of Europe. I can not 
find any publication of Ids, eitlirr In Latin or in (lerinaii, which deals 
with this subject, but T find in the Catalogue of Printed Bools in the 
Britiab iluseum tho following entry: 

A aiDSil worthy inmeiliw gf • * • FuchfiluB • • • nioaic iincce- 

sari' III tills nt%-U£ul lyujo of oar viffitiilJi'ii • * • lioiU fi<f the utehe autl 
for tliein Unit wiiahl iivoyde tlio iluuiij;or of tL* CDOtRslon. tOiutauU Hull far 
M. [U’biiel] r/>bk’>-. [.ondon. n. A 

This copy is the otdy one in esistence, so far as I am able to trace j 
it evidently refers to Fuch’s treatment and cure of the Englisli 
siveuting sickness. Added to tho entry, in brackets, is the date 
with a query; but this date is without question a mistake. The 
sweating sickness' visited England first in 1486, agaiti in 150i, 
ms, ftnd 1529 (in ^vlnch Intter year it spraitl over a larjie pad of 
Europe)^ mid tlie la.^t time in 1551. The book must have beea printet] 
at an burlier date tlmiv 1575, for wc know that Micbael Li<>bley Hour- 
Isbell in Lcjndon as a bookseller betwr^cn 1531 and 1567* and that tho 
printer HouIruiI Hall died in 156;b® 

In connection with this book, I wish to mention another work^ the 
aiithor^np of which id attributed to Fuchs* and whidh wliilc dealing 
with a different subjeetj may b^ characterized as an undcrtakirig of 
similar cbanictcrp Albrecht von Ualler quotes in bis Bibliotbe<^ 
mediciriic practical 0"*^^ 1776)^ onioiig other vrritings by Fuchs: 

Tabula ocnloriiin morbus comprclicnclcnst Tubingaf, 152B^ fobo^ 
which entry Wilbelm Gottfried Ploucquct, 20 yeans laterj copied in 
hia Tnitia bibllothecw medico-practic® ofc chinii^cjej vo], ti. These 
are tho only two bibliographers who mention this work^ in the 
history of ophtbulniology it waa not known* In 1899 Dr. Ejwartl 
Pergens, of Bruamds, n well-known wulist.^ and greatly iutere^ited in 
tlm biJstory of his specialty as well as in the history of medicine, 

K J. K- iN-t rnilliKbe E^hvfU^i. plt3 Sinllkhn- Rennet t^r Qwtalcbtfr il« 
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published in volume 23 of tiie tVntr«ilblett fiir pi-uktiache Augen- 
hcilkunde ’ liu exact reprint of whet seeuis to be a Gcruiuti tninsla- 
tion of tho Latin edition of 1538, Tltc book is entitled: Alte Kranck- 
heyt/de r An gen dureli Jen hocbgc/levten Doctor Leonbanl fiichson 
zii Onolt^/'bach KUiaiJiimen gezogen alien eugen/artjsten hochnottig 
zil/wiaaeti. Getnickt zii Stmasburg diirch Hemrich Vogtbcrreii 
Anno/MDXXXIX. 

The reprint is preceded by a brief historical introduction, in wUicb 
Df>ctor Pergeiis tiiiote-s tho Latin edition, according to Plouwiuet (tliat 
Haller had mentioned it had escaped him), and then presents a 
history and description of the German copy. Doctor Pergens hud 
found tile work in the Bibliotheque Ho vale at Brussels. The book 
contains mi illiistmtion on the reverse of the titlc-pn^, repcoilucing: n 
figure of the eye with a part of the chiusm. {Plate 2.) Whether this 
illustration is an original one, Doctor Pergens does not decide; three 
yeans later this iUnstration Wiis reproducetl by Jakob RvfF in his 
kieiuere Chirurgie, Strasshurg, 1542. The copy found in Bnissels by 
Diwtor Pergens Is not the only one. Prof. Julius Hirschberg, of 
Berlin, found another copy in the Koeniglkhe Bibliotbeb in Rc'rlin, 
and I myself was so fortunate a,s to find still snoUicr copy enumerated 
in catalogue Xo. 319 of K. F* Kohlers Antifiuuiiiim. LelpKlg, 18T9, 
Xo. 23. Perhaps this copy is identical with one of the copies in tho 
libraries mentioned. 

Doubt of the enthorship and criticism of the scientific value of the 
German edition are not expressed by Doctor Pergens. The ipieation 
of tho nuthoraliip of the Genu an edition mid the question of the ex¬ 
istence of the Latin editiuii is taken up by Pmfe^r Uirschberg * in 
hla Geschichte der AiigrnheilliUTide. .Stimulatetl by Doctor Pergens’ 
article and by the reprint of the German wlilion, he made a thorough 
search for the Latin edition in all the German libraries, btit witliout 
success. Xot discouraged, Uirschberg carcfulh* examinctl Lbe chief 
itiedical work by Lconliard Fuchs, Institutioiies medicinue, and his 
labor was not in rain. He found in Lilier HI, sectio I, capitulum lii: 
“ Vitlorutn oculi aiiccincla explicatio,^^ the original of the so-calleil 
German edition, “ but,” be adds, “ without the ridiculous miatakes 
and without the ill-fitting tberapeutic inter[>o1auons. ami, of course, 
without the supph'ineut ivtiich consists of prescriptions.” Ilirscb- 
bei’g is completely convinced that the (iermun edition was not written 
bv Fuchs. From internal evidence he takes it for granted that Jorg 
Vogllierren. and Conrad and Bartholomaeus Vogtherren, relatives 
of the printer Heinrich Vogtherren, are rcspansiblo for the book, 

> LnUhanl PuHiM' »I1 p Kraftrilti^Till 'In’ wtCft I133B), b"u lh'nMlnETj:rli«n T!.s Or, Kil. 
rewna turikiwu. p. iPT-v’ea; 
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hating used the name of T^eoiihard I'uch.^ witlioiil aiithoiitj. This 
theory is very ploiisiblr, aia t!ie iaiinr printer issued anooTnirmsIy in 
15^18, and af^uiD in ir>?50, a hook, which deals also with the eye. The 
title is as folloiivs: Eyn Xewes liochniit/-l]cli3 Bueehlin/niid Aiiothomi 
eyocs nuffgethojien augs: auch ijeiner/erklaerung bewerten purgation 
Pfln.sler Colliri/eij Salbliti tmlLieiTi vmid w^sseiTL wie/ntans niachoii 
viul bniuclicn sob (retrurkt zur Strussburg durrb Hcinricben/Vogl- 
herirn. Anno MDXXXTX, (Plate 3,) 

Tlie Surgeon Generars library has a copy each of the editinn& of 
1538 and but unfortunately the former hicksi the title-page. 

Tlic edition of I530 hai^ on tlie lit1e-pnge+ below the tille> an illuKtni- 
tiont ^^Amitpmin oculi/' which does not differ materially from that 
reprinted in the so-called German edition by Ijeonhard Fuchs. 

I now resume the narrative of Fodis’ life* The time spent by him 
at Ansbach* w'hich lusted five yearti, or until 1533, was not entirely 
conFciimed by hi^ duties* as court physician and by Ins general practice. 
A lairn sin dent, by temper ament and habit a scholar ^ he here 
laid the foundation of his career as meflical w^ritcr and man of 
scienceH As a complete hibliography of FucIls has not yet been com¬ 
piled, a want already expressed hy Emsl H. F. Meyer,* the hLstonan 
of botany* it is not an easy matter to harmonize the mg.ny contradic¬ 
tory statements in regard to the dates and tlic nnmljcrof hisniimeroiia 
w^ritings. Some authors attribute to liiru, as wTitten hi Aiisbach, three 
hooks, some four, and others even more* As I shall give a de¬ 
scription of his wriimga later on* it is hero snfTicicnt to state that 
tlipy gained for him the reputation of a very learned writer, who 
[)o^esscd original ideas, and who had the courage of lik cimvictionfi. 
This cauj^l the famous jurist niid chancellor of the TTniversity 
of Tngtilstadt* l^Kinhard von Eck* to request Fuclis in 1533 to rejoin 
the teaching staff of that university by tendering an assistant 
professoral!ip of medicine^ wlvich Fiirhs arcepted* 1 have already 
staled that^ while n student in TngoUtadt. Fuclis had familiarized 
hiniself with the writings of Luther and had Isecome n strict adhorent 
uf hiB diictrines. In An^bnch, where tlie margrave and the eouit 
were also followers of the new creed, Fnehs found mutual under¬ 
standing and was accustomed to express his religions convietiom 
with candor and frankm^s In Tngohtadt* liowever, conditions were 
different and especially in the university; here Fuchs met very 
strong opposition, particularly as he did not supptt^s hk opinion^ 
tinder tlie^c crircunistances Fuchs^ position at the university became 
imtciiahle, and in August of tbe same year lio left Ingoktadt to 
return to Ansbach at tbe invitatiem of t!ie nijirgrave. But ils Ansbndi 
liecame in feted with tho plague, he acrouipimied tlie mnrgmve to 
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Culiiibach* where the court resided for some time, returjiiag in 1534 
to Ansbach. In the same year Fuchs published his Parodosorum 
mcdicinm libri tres and dedicated it to Ulrich, Duke of Wurttem- 
berg, which was eridently the reason why the duke, who was just 
hcginning to reform and to rejuvenalo tlie University of Tubingen, 
appointed Fucluj as professor of medicine in 1535 to replace Prof, 
Rndolf Unger, who was more than 70 years of uge and no longer 
able to adapt himself to the reforms contemplated by the duke. On 
August 14, 1535, Fuchs entered upon his duties in Thbingcn, where 
he lived and lahored until hia death, 31 years later. In his detli- 
cation to the duke, Fuchs states that the medical school of Tubingen, 
which had once given to tlio medical profession such excellent, schol¬ 
ars, hnd greatly deterloruted and had lost its prestigo. To modernise 
this school and to make it regain its once ilhudrious name as a scat 
of learnitig was Fuchs’ chief aim, and in this he had the full sup¬ 
port of the dukei In an order,' dated November 3, 1533, con¬ 
cerning the reform of the iiniversity, Duke Ulrich stipointed that 
two onliniiry professors of medicine should lecture daily and read 
with the students those books neeessary for the undeietaiidlngof their 
science, especially Hip]iocrnles and Ualen, in Greek. Tlie two ordi- 
naiy profe-s-iors wert^ Leonliuril Fnclni and Michael Rucker.* The 
appointment of the latter was unfortunate. He still beloogod to the 
old Jichool of medicine, and Duke Christopher, Ulrich’s successor, saiil 
of him that he hnd peetdiar opinions and bad habits. Fuchs was not 
only the leading spirit in the medical faculty but unquestionably 
was the most important teacher in the university. Twice he tvrt.s 
elected rector, from 1530 to 153T and from 1540 to 1541, and the stet- 
utes of the mfulical faculty, issued in 153!?, were written by him. 
These rtatutes are irnportiint to Ihc history of the study of medicine 
at Genuaii nniversitieB in the sixteenth century and show tliat Fuclis 
Wilt! inspired with the modem spirit of the time—a true humanist. 
The keynote of the statutes ih hia opposition to Arabism in medicine. 
“ TIioso who study medicine from the Arabic writers,” he says, “ will 
draw water from turbid rivers.’^* The Greek writera, as Hipixw- 
ralcs, Galen, and Dioacoridua, should be studied in tbeir own Ian- 

^ UF’tupttcEL lar 0«M!hlctatp UnlTcraltAL TUlrimpen mus 

TQIiIa^r, ir. ipd ilbu^htLttntllDdiiv 1^77. St, 1^:: fUnfftvn iew^d MtidlrJ 

ordFAtUL'ti sciutt wenlgHt-OA vdiI Imfd anil liwfvs, BLtvhrr eu TPErhlmad dvr 

knnit, TSd drcb ^icbroch dli^DhtJli:;llv fElrn^fiilkb Hilppomliri vnd Gbl«bi, tnlt bvhllff dcr 
grleehlctJif^A dtr diibli dlM- in Imt 

Rackur vab Wlpib-briljilj' lawr, 1521, ^«d. D, 1S29, Elr w*r 

Kirill Ftrrilbc] ilrr bfiEicit l>liiv. ^^>1*11 Ifliki- riA^t fibft liutiniirtlaa SI- Ihm, 

1 ^ #(1 nil nlli'tn ^En lYplit. iwiiilt'm hab* bwla inrhr b««nbdrri? fniidltoDeji nod OntuKi'DiiFa. 
^^tLrliiT Ifidl/"-—CrkuEtli'A t- ttDLvMnllJit TUblbEra^ E. 

^"Et qoniB •It, r]i3i DiWlAt hodIa iiu e GneclA trmunlpBi^c, 

il«(BCfpA Hd it^HrlrltuLtD plodtl bujtip ttdlatl;Hi^Dtur, q,uod i:iOb«EiTlltic iJt ortli 
A ruBtlliiJii, ifubja furltldiv Himll# AowHrf/'—t; d. Unl- 

TFnltJlt T4llKtDiF«D> E. 311. 




6-12 


AHHVAl. HKPORT BSimisiSOSlAS I^’STITITTION*, IDll 


and liD fstiumemtes the works of Hippocmtcs and Clalen 
which shonid Ijc read and raplained during the lectures. Then 
comefi an innovation in the study plan of universities; During the 
^iuimtier tnonths the students of metlicine shnwld often go to the couu' 
try anti to the mountnins, and with intcUigenco collect and study 
the plants^' this study should become ii part of tlie ciimculum in 
medical school-s. As Fuchs, himself, paid special attention to the 
study of unatomy, he took the reform of this important branch of 
mcflicine very' much to heart. While the old statutes of the medical 
faculty, issued in 1-197, ordered a dissection only every three o^t four 
years, he dissectotl twice a jicar whenever possible, lie also discon, 
liiiued the use of Mtindinus's anatomy in his lectures on anatomy, 
and himwlf siibseqiienlly wrote tho handbook Libri qiiatiior de 
fnhrien corijoris hnmani. which was use<l a great deal in German utii- 
vcrsitiea during the sixtccnili century, IVhile he still liad great ad* 
miration for Galen ns an anatomist, Fuchs nlso extolled the great 
work of Vo#aliiL‘i, for whom he entertnined the friendliest focUngs, 
calling him “Suramus noster amicus,” a friendship that Vcsslius 
reciprocated. Tlw two had met when Vesjilins came with the impe* 
rial troops to Tiibingen, .\n interesting account of ihelr first meeting 
is given by Crusius in liis Annals.* 

■\'caalius visited incognito the nnatonilcal lectures given by Fuchs. 
One day Fuchs made sunn* derogatory remarks concerning Vesalius’ 
(iiiatotoy. At tho el<wp of the lecture, Vcsalius approached Fuchs: 
“WTiy,^ he courteously inquired, ”do you find fault with mef In 
what way did I do you any harm 1 ” '^Are you Vesalius'f ” asketl 
Fiichs. "You see Vesalius himself,” replied the latter. Then fol¬ 
lowed the expression of mutual pleasure, a friendly meeting and an 
invitation to Vesalius to be Puclis’ guest. That his repulatlotl as 
anatomist, physician, and medical teacher was recognised, not only 
in Germany but in foreign countries ns w’ell, is evident from the fact 
that Duke Cosmo de lleilici of Tusenny oskal Fuchs to become 
Vesnllus' successor at the University of Vian, TIitherto Germany 
had called to its universillcs scientists from Italy, but this offer 
to Fuchs was the first instunoc that a German scholar was called 
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to fill ii chair in an Italkn imiversily. Much earlier, in 1537. Duke 
^Vlbrccht of Prussia had endeavored to [wrsuode Fuchs to bccomo 
court physician to his brotherdndaAv^ King Qirislinn III of Den¬ 
mark. and also professor of tlie iitedical school of Copenhagen.* 
These two offersj wJueh wem dUtinct honors for Fticbs. 1 Taller 
evidently had in mind wlsen he said in hh Bibliotheca nacdicitiae 
practicae that Fuchs was the first German physician whfse fame 
ronchetl beyond the borders of his own country. C^Primn$ inter 
Genua nos ad tria^nm celebritatem a p ud evteros pervenit.’-) 

AiiotJier medical subject in which Ftichii took special interest nexi 
to anatomy was bis lectures on the pnicttcc of medicine. In tliKe, 
in his writings, his chief aim was to exclude as much as possible 
tho Arabic writers^ from the medical curricitluni, Imt instead to n'ad 
and explain the Greek medical writers* This loads us to Ihiehs' 
activity as a medical writer* which is very coiiiprcUonsivc. HLj writ¬ 
ings on this subject may be divided into three sedTons: (ll Transla¬ 
tions of and commentaries cm Greek writers; {^) hb owm contribu¬ 
tions; and (3) his polemic wridngs. 

There- arc nioe translations and commentaries, of which five deal 
with Galen, three with Hippocrates, and one entitled Nicolai Myrepsi 
Alexainlrini medicamentonim * • * Hactenus in Germania non 

dsnm • * • Graeco in Latin am recens conversum lucullentis- 
Rtmisque annotationibus iPustratuni. Basilacie, I->10 (Plate 4); and 
several times reprinted. Thb transtation of a Greek manuscript has 
an interesting literary history* Tho author of this collection of pre- 
Bcriptiotis b really Nicodemus Myrepsus^ Alexnnilrmus,* who flour¬ 
ished from tlie middle to the end of the thirteenth century* Fuchs 
supposed him to be identical with Nicolaus Prepositi/ whom be con¬ 
founded with Nicolaus Salemitanus, who lived at Salerno at the 
beginning of tin? twelfth century, a mistake committed also by other 
medical writers and bibliographers. We ai^c indebted to Ernc?st 
Wickersheimer, librarian of the Academic de tnfclecine in Paris, for 
correcting tlus bibliographical blunder* In an instnictive article* 
published in 19U (Archiv fiir Geschichtc der Meflissinj Bd. V, 302— 
310) he w'as able to prove that Nicolaus Salernitauii-^, w^rongly cullcrl 
Prepositiis and Ntcolatig Preposltl are two distinct w titcre; the latter 
was a student nt the Univemtj of Paris in 14^, and evidently 
fiourished ujitU the early year^ of the sixteeiilh century. 

* Volfft* Job. BricrvrKtwl dee- t^hfrit»tE!^ii dn ZcIlAlt^n df'r Libia 
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Fuchs' urieinal writings, not induding iha rarious edit ions anJ 
reprints ire about 20 m nuiulxr, most of them dealing with thfl 
method ami practice of medicine- and with matena medica, ihe 
three most important are: (1) Wbri qiiatuor de fabnea corpora 
hutnnni, Ttibingas, 1&51, which 1 have oln-ady iiientmnwl- Ne:tt to 
VcHtliua^ great work this was considcrcnl the best handbook of anat¬ 
omy in tiio sistecuih century, und was much nsed and frequently con- 
aiiUcd, as it best repiesmite*! the various anatomical doctrines of t le 
time {2) raniduiorum medieinae libri tris, Basilae, loJo- itic 
first book deals only with pbannacolofriT: the second treats questions 
of celieml and special patUolog}' and therapy, and l he ihml (mntain^ 
unaioiuicul and physiological criticisms- This work and (3) Institu- 
licmum medicinao libri qoinque, fonii Fuchs’ chief weapons apiiist 
Ambiam in medicine* Only a writer of such leartiing and reputation 
as FucJis could risk saying that Avicenna, who though he copied the 
Greek writers, did not undci^and them, should not be considered as 

the ETcatest physician. , 

Two books are to Vm mentioned which have as their subject materia 

meilica and therapy: AmioUtiones dc simpUcibus a medicis biict^ 
nus perperatu mtellcctU et aestimat'is, Argmitorati, l^, 
componcudonuii mcdicamentoriim ratione, B^silca^ lo40. bche- 
kmz,* in his Geschichte der rhannazie, f^nys that the 
wuro still in use in Cologne in apolh^ary sbot»i m 162*. Ihc Uc 
componendorum mcdicamentoriim rationc was used ns a luindhook 
ill the phsnnaceutical lectures of many universities iis weU as in 

pliiirniHt-‘«utk‘iil pnicUcfl+ , 

J'uchs’ polemic writings are nmiierous; some are controvereies ot 
a sdeutiiic character, utUets art caused by piratieal undertiikm^ of 
pufirisberiN Tho most important one. famous m the mstory of medi¬ 
cine, ih: Apologiae ties, ad versus Guilclitiixm Patcnmmi, Sebastianum 
Mont Ham et Trivorum Brachelium, iJasiloac, 1520. Im inspiration 
wiiri Peter Brissot’s famous work, Apoiogelica dbcertatio de vena 
secanda in pkuritidc, Bosileae, 1320, The question of vcncseclioii 
(blood lotting) divided the physicians of the eucteenth century into 
two ha-dik factions.* One, the Arabic school, asserted that vcnea«- 
tiou should be iiiidcrtabcn, in ease of inflammations, as far os po^ible 
from the scat of the disease, and then very slowly 5 while the Hipiio- 
cratic school, based on Brissot's doctrine of revulsion, recommendeil 
the vencseetion ihe diseased part and then very copiooaly. Jerc- 
mias Drivcrc (Trivems Brachelins), Sebastian Montuus, and Wil¬ 
helm Putcanus defended the Ambit theory, while Fuchs sided with 
Brissut, Fuchs was without question the best informed und most 
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persistent defender of the IU|Hx>cnitic school. The controversy 
lasted iilmost throughout the sixteenth century and ended Trith tlte 
victory of the Hippocmtic school. TIils is what Fuchs has accom- 
pUshed for medicine. 

Ilcre may be the place to speak of him as an academic teacher* 
Regarding the spirit in which he presentctl his lectures and the 
method whieJi he employed^ we have the testimony of his contem¬ 
porary and colleague* G^rg llklerj profcissor of Greek in the Vnl- 
varsity of Tubingen, who delivered the obitua^ at the memorial 
meeting held for Fiichs at the university. It is significant that a 
philologist was selected for this honor and not a member of the mcdi-^ 
cal faculty. This oration was published in separate form and was 
reprinted in voittiae I of Fuchs’ opera^' issued in Frankfurt the year 
of his death. (Plate 5.) llisiler^ says: 

In like disduiree of h\s offlee *8 acntfeinle teacher^ what diUp&Dcc, pereever- 
aace^ nuil devqtloa S Here Ms eaTlnble rejmtatlon waa baaed m two vital 
aMeratlona, to wU» sound onmiod. anil jraiv, porsplcuorks apeech. In the dlls' 
cn^aion of utedlcal auttiom ho tiMik the most u^oful and expeditious road; he 
tjowr mixed In axuihlug thnt wna not to tho point; he dlUgently explained tlie 
wnrilfet La their tme aen^e: he did not epend piore time thnn the topic In que^^ 
tlon required; he did not* however, omit au^^thlnj; that could facintate the ei- 
plniiatlotL Then he gave Mb Inatrfictlciti In sneli a clear and simple that 
all could follow him wttb ease. Add to this the elegance o£ lUs dlscoaiBO and It 
Is plain thot all listened to htta with pleasure. Thiw his touching of ntiatoinj 
was conspicuous for ahlUty and clenraesa He showed and lUustmted aU the 
pftTlH of the tnuiuin Ihid^ and tlie fnnctlotis of the severul parts; he explained 
the nature of all bones ami corttlnjnrt; he (lolnied out the various muscles, 
reins, arteries, nerves, and Ibo Uise, and demonstnited oU ttda * ud ocnlos.' 

I cffluf! now to another field of FuchB’ scientific activityin which 
he achieved so much and which contributed ^ largely to the spread¬ 
ing of his fame tliroughout Europe. 

» Oratto dc Till el marXe cl&rtnlmJ Ttrl^ modJcl el phllDsoptil pn^tuitiHlinl, O. Leon- 
Atrtl VttfhHb ^tiji medeiill In Ai^di^nli TobUipeMi prflfe™rU docilfeBtiiil; m doctislliao 
Tire HUlP«v Onieciram & tlUnirnii lltcrdnim ha prefnaCFtT hitiUa A 

Irrlpti- 

In ilncr^ndl rautvere guimli nedulllu, dlllffrallit Dtubiw Jintem Huulmc rTbai 

In dwsvudb n^rewurtliit luSAtbilia comwinebitiir liudem I tnin UId urtlnm Tie, ixOlv #iW»6*i 
A -OripeLd dldtar ; Idd pure, pmpLniP k i|HrtO. Nflm In explahindEff ntedl- 

j^inini lerlplii, prlmLim expLilltliHlmin Jt EiUllTalmnini TliEn cocnosceiT A Inire i n i h il 
1 nr illlunm BMxm : Terbl. KlTqbilU^p ffenulmira dlll^ntLPsEmia expllf^are : BUD dlatlOii 
birrere k ImmorBri, aUlBa qUip id eepwiietinilncti. ixpoflcbitnr^ nqnlrere vhitflfrtBT: 
eoTiUBp fiW iMBMiia id <txallclli]iiat trinl, mbU nialtlere Itolndju tam parr* tun 
ipeiie, tuu ^im pUHtPr ^oii indrtTr Ut lltUlati^ OEtinm uarqurizviiliir lEnqiH, non tam 
{prdlne A qnnn Kriabatp ciptlm^p qUHO [finUnniB «lrguitljL inhoH lydllnmm 

reAcUlm^ lin ut com funihno IpBlum lUdifet attvKKi HiJuh rrl inter mqltii illip eKnn^ 
ptnm Hi4 iintDme: ijmcn dpcnlt dexUtltitT A fiernplealtlte uli^larL Elttminl 

rtLim cerpnrhi partfi, 4 ilngulinim partium iTUon*^ A Actirii r «Eiaiiiuia 

{ 3 ||iluin. HrUlii^LaLiniqTir. nilurmci, maicnl«p irtrrtll, OrrTM A ^^len IndioLbatp 

A anbjlclebit ” 

tiM 1917-42 



646 A^’JTXfAL nEPOat aMlIH^OKtAN lySTITVTlOK, 1D17. 


TIL 

At tlic outiict I nillcil attojition to llie Influence of hiimnnism on tlie 
revival of leamiug and Low humanisn) in its immeiUjitc couseciuences 
caused and created a new pliase in the evolniton of metlicine and 
tiatural science^ One event of ealircJy difTeteiti chumeter enJarg(?d 
and enriched these two branciies of science in ajtolher direction'—the 
geographical discoveries nt the end of the fifteenth century, and 
csi|ieciiilly the discover)' of America. Until then the contemplation 
of nature was entirely neglected. From the time Pliny had written 
hisencydopeilic ifaturalis llisioria” aatiirnl science had been prac¬ 
tically at 11 stnmhitill. Tlte discovery of America opened an entirely 
new field for ohscrvatioii of objects of natural science. Tho study of 
plant life was the first field to profit by it, and under flic stimulating 
influence of the revival of learning botany became a science. 

In this movement Qemumy took a leading j»art. Tlirce names will 
always be connected with the history of botany in Germany, and it is 
not by chance that all three were followers of humanism; Otto Brun- 
fels, Hieronymus Bock, 1'1136-1554; and Leonhard Fuclis. 

Each of these Wrote his own herbal; but Fuchs was the meet promi¬ 
nent and the most learned of lliese tliree herbalists. In Bmnfels’ 
llcrhamin vivae eicones. pubiislied in three parts in 1530-l.i3G by 
Schott in Sirasfibiirg, we admire the illustratioim which are drawn 
true to nature, though the descriptive test is of no scientific value. 
Tlie first, edition of B<m k's work, New Kreiitter Bucli von imdcr- 
Echeydt, wiiidiung und nameu dar Kreutier, so in Teutschen Lundeii 
wachsen, Straesburg, 153fl, was not illustrated ; the sccofid and the 
subsequent editions, from which the word ’*new" is dropped, con- 
tain about 4T0 illiistmtiona. But the chief merit of Bock's book is 
the text, which describea only that which h© actually observed; it 
appeals at once to the reader on account, of its popular style, and 
jet is full of power and vivaeity. The famous book by Fuchs, Do 
histurhi slirpiiun oommentarii, Basileoe. 1542 (Plate 6), suq^asscs tho 
two previous her bale in text os well as in illustrations. Tic is the first 
Wanicnl writer to attempt a botanical n(mienchitutt<. The arrange¬ 
ment of the work is iilphabcticah In his plant description ho applied 
the following mcthotl, which won nscil os a pattern by succeeding 
botanists; fl) Tlio imnie of the plant in Greek, Latin, and German; 
(2) the form; (3) locality; (4) time of blossoming. Tin; illustra- 
tions are of the liighest order. TTeiftrich Ffillmanrer and Alliert 
ifeyer drew the plants, and Hudnipb .Spcklein, alt three of Stniss- 
burg, engrnvwl the woikIcuIs. To diow his gmlilude to these three 
artists, T'aclui reproduced Ihcir portraits on the last leaf of the book 
(Plate 7), while his own portrait (Piute 1) is found on the reverse of 
the tille-pngc. The w ork met with the greatest success, having larger 
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circuittion than any siniilar work of it^ tljtv. There exist 

m all, including tmti^iations and abridgments, 35 editions. It wtia 
Fuchs’ intention to continue and to rcissiHe the work in thrtJe volumrSp 
From L55C he had been collecting tuuteria] and Imd assembled 
plateSf but he could not find a publisher on account of the iicavy ex- 
l>CDse. He jietitinned several princes, cmiongst otben^ Duke Albrecht 
of Prussia, for support, but witbont avaiL Tf h uiin^rtain wbat be¬ 
came of tbc matiuscripi^ the plates unfortunaiely Ijccamc isciUtcred- 
I^art of tlicm remained in Tuiungent and pa i t of iheiii Uituu] tb eir 
way into the Ge^ifir collection in Zfiricln* 

There renuiin to lx? adiled a feiv facLs a bout the Liter years of 
Fuchs’ life* Tliree j^ears befurt his death be bad the misfortune 
to lose bjs wife, wifli whom he had lived in tlie happiest iinloin 
As he was obliged to suppoil a large fikuiily, and as the care of 
liis domestic affnirs absorlKjd much of the time so greatly needed 
for bis stialieH find lecttires, he married again, lids time the widow 
of minister firaeter of Scliwibificli-Hall. But he only bad a few 
yeans more to live, for, although be bad previously enjoyed good 
health, his con tin nous appUcution to ivork brought on insomnU, and 
he clied ilay 10, lo6G. I?nt even while confined to his room Fuchs’ 
interest in his studies continuciih 

Hizier, in the panegyric style of his time, eompanss him to Socrates, 
but those of mort: sober judgment will hardly go so fur, Fnclis^ 
modesty, which prgventeil Iiiiu from assuming the i-ank of nob'ility 
which Cliarl^ V bestowed ixp<in him in recognition of his services to 
mnnkintl as physician and scientist, would have protested nguinsft 
such comparison. 

I myself would compare him mih Nicola Leoniceno, who was 
Ixirii in 1428 in Vinrenza and died iti in Ferrara- Both were 
humanists; one in Italy, the other in Germany, Each was a reformer 
of meilicino in hia country^ with the same flljii and purpose—^the 
study of the Greek w^riters of meilicinc in their own language: and 
the liberation of metlicina and natural science from the influence of 
the Arabic writers, 

Ktirt. Of«i?hlclkU fler BoUaUi Sen 2 TetEe, AUUlnr^ uiihl 

Ltiiiulf;, P. A. tIfiockMHi, 1J51T-1S.—SIs'Ttr, U. F. OwLE^htf^ di*r 

4 IViJtf. 1 JuUdh. €tfimhUhir dr*- 

BoEjloUS TDin la. JdbrtmaarFt bli JSLlO. U- OiatmtKku 1% F. W. M 

Uonbard !<^rb!<, cIh drutpctirr Ik^tADlkfr, |j* EtcIhvtEc num 

CmtnJbiLBtl, Bd. VIIL Ifpft 3. &. 101-IDi, Caamh UearOdj r OfaUirtft, 

LAadnurkK bolMnjcal iHrt I—prior to liflS. WMblo^tim, 

Soarb»oaliii] lo^utatlcia, ip0«k 




1917.—Nvynunn. 


Plate 3. 









1517. — 


Pl-ATE 


St>n ^ocSnucjlicfi^ 23uc6(m/ 

vt»b ^rtorbomt tf tttii «otfg«boTKii Aiigs/.iu<bfcimB 
ctrHAritnji/bcwartmpurgdcicfj/pflrtflct/CoUiei 
putuctn ipnnbrrrtfTfm/wK 
miine )iM<bcn i?nbbiflucbm f«l. 



<5(ti^ncfc|u ©irflfburgbutctj t5etnrid?cf» 
X>ogib<r!cri> 3lrin©a?.i>.gjjx[iv- 




















^LUiianlin 1^17^ — Hturntriti. 


PLAt1£ 4. 


NICOLAI MYREPSI 

ale X ANDRIN[ M EDIC a men To¬ 

ll vm OP vs, IN IKCTIONES CJ.V AD 4 A^INTAOCr O DlGBSTVJtT, 

haiAtniiS non tiirum^ omnibus turn Mcdicis^cum Sc^ 

phlUni^miriirn in modum utik, i l l^oNH AFV C S 
medico* 5C Scholac T ubingcnlls pr ofeflbrc publico.c 
grxco in ladnum rccms conuctTuindii^ 
cidentifsimis'i:^ AnnocACionti/ 
busiUuitT^tum. 


Krttfil ttM/bbpw renwi Cf iWFiorvn 3 W Gr^flfiftiBrjnnn 
/rtpfcid - 

jnHf ,b<irx. 



Cum CzHjVliien.gucji ^ pricilegio id 

qumqijciimkim^ 


Bt^S TLE^^K. ^EIL I a OTOILS^ 

I I 4k^ 




SrtiJthMpiltn 15S7.—Nsumannv 


Plate fi. 


Opcmm 

LEONHARTI FVCHSII 

MEDICI ET PHlLOSOPHi 

EXCELLENTlSSlMt 
Tomus Primus; 


onuitum ccrfiFpOftOMlj, ffl^cursn acmodEtjOii Li^ 

tnuO^lHf .«T¥Tub4J3 <vua^lcdid;^(uniriuittucii))aeii 



\rpiLsni% AVT Arol ofiTA* ty 

iHj4rTffU4ui9Diil&nf-KciSEnnTfiiji w<i 

ficrn oracid dc ViuSc Moitc autoris,omnium quoqi opcmm 

ipliia ClQ^>guin , A£cinfuE iOHib 

YrfctofMM mrtSkPTt bill lil* INOEJ!. 

ftpM Jf /mJ"# M JTiWif*! PM- 



Com^ritu S^prii^^c^sJEkcrnn^tfin. 

AP \iOEJ>iy7d, 
M- a JLXf t 







SmlthvonrAn 1 fru mAnn. 


Plate >8. 


DE HISTORIA STIR 

PIVM COMMENTaRH INMGNESj, MA 
X rMlS.lM P E N SI S tT VICILIIS ELA 

BOHATI. ApjtCTl* tABVHPlM Vivii r I V i q,Y A H 

rtiiiiqioiit xjnjfur;!; irctttiiiotttfTTijrtihcH^ErQa 

^SCcEpHflU. LEONHJliLTf^ F V C H i I O Fncdwo-hlC 
iLoflin ZLU^lQdijgie dj|riiiLma^j[yiE;v«, 


ftirtiLJliilrMiMfnitf 



i n iN i j 

f!*^d.lULiin 


fllAifRiabKOpac nremrww^EM th ^ufWi, 



■ AfriEM. tH orFrciNJi tjt hhiil t siaum, 
Mi^a Cl^lLUTC iL a it l'j'l 

















SmiUiivnlml fitpcMti tSI7.—MflumAnnL 


Plj^TE 7. 




P I CTO R BS 
fyiimui £ullin4iinr. 


O F B R i j; 

^ttoiEU 


$C\ OU 

©itiw bh* cp#eflt 











S^nEtftton 1*^11 RftHort. Rlchnnundr 


PLATE I . 






IX MIIMOKI AM—KDGAR ALEXAXDKU JfTiAIlXS, 


By fniHi-rji W. Hhhimomi. 




Til the death of Doctor >Ii-urns the Amcricati Ornithologists’ 
Union has lost one of its ftiumlers and most uetive meinbei's, and 
oraitliology one of its most fnthiLsiastic disciples. Friendly iind 
genial In disjjoeition, witli an alUonsutniug interest in the study of 
nattire, lie eraied the society of men of similar tasU-s, and looketl 
forivard w itli keen anticipation to the rare occasions irhen he was 
permitted to attend the annual sessions of the Union. As an Army 
snrgeon, he was subject to the vicissitudi's and uncertainties of that 
calling, ami during the greater part of his 2G years of active luili- 
tarv sen'ice was far reniored from museums and libraries, bolli indis¬ 
pensable adjimcts to the working iiatunilist. While this circijm- 
stance greatlv interfered with his systematic studies, and prevented 
him from publishing any extended results of his discoveries, wldcb 
ho was well equipped by tniining and experience to perform, it 
undoubtedly contributed largely to his development as a field natur¬ 
alist, in which field be was without an equal in this country, and 
enabled him to emoBs collections that am probably unrivtded as the 
efforts of a single individual. His activUiea of over 40 yearn cov- 
ered a wide range, of which but little, aipde from his ornithological 
achievements, can woeivo mention in the present notice.* 

Edgar Alexander Meariis. son of Alexander ami Nancy Reliance 
(Carswell) Meurns, wos bom at the home of bis pmndfatber (Alex- 
nmlcr Mcartia). at Highland Falls, near West Point, N. A'., Sep- 
temper 11, iS’dJ. grandfaibcr, lajrii a few miles from Aberdeen, 
Scotland, ill liStl, tame to New A’^ork in 1805, after making several 


i nflorinW W |K‘^nal»iSw» friMB Tli* Auk. 101ft. . * , 

■'Til* yfar wu ukiki ftft fc b«tof Iml 

Hjwlfltf Uh? flf Mtni work bww ptacWI uu tlw? 


IfcM^ wap MuawL 

df'pATtramt. 
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perilous voyuges nt sen* Hfl scttlt?d nt 1'tills About tbo 

year 1S15, where Ak*xrt[i<1er, his son, odo of seven children, was bom 
in mz, Doclor Meurns’s fntlier tliod in 1873^ but bis mother, who 
comes of Kew England slock, is still living. 

Ed git r Menrns iiiiiiiifestotl u remark able interest in birds^and ani- 
niids at a very early tige, mill tfiis lasto was fonlered by Ids father, 
who hiaight hiiii a Inrgc illustrated book on Uie native birds, lie 
took great pleasure in looking at the pidures—be was only 3 yeare 
old tit this time—and Ins iiiotber s[ieiit lionra in teacbitig liim their 
names and histories, and be soon developed a wonderful knowletlgc 
of the subject for one of his yeare. he grew older, his father 
gave liim a gun, and they would aiioulder their arms and wander 
tliroiigb the fields togeliter, close ootiipanions. He was taught to set 
bos traps in tbese early yeai^ and if there was no one ot band to go 
with him to inspect tlietn, be would steal iHit alone to see what the 
traps contained. iU u. sclwKilljoy be was often tardy as n result of 
lingering in the woods in st-areii of specimens. Every nntnral object 
interested and attincted liim. 

Young ileiirns was ctlueated at Donald Highland Institute, at 
Highland Falb, and sub^qiientty entered tlie College of Physicians 
and Surpcoiis of New York, from which he graduiileil in 1881. At 
the outset of his medicul course he became iKrrsonally acijiiiuntcd 
with several of the young nftturulisbi of the time, E. P. Bicknell, 
A. K. l‘'isher, C. Ha Ft Jiifrrittn^ mid othensj simie of 
unending tbe same rouline of Judies. Ho luiti Doctor Flsilitir 
dianecd to sliare the saiii-e toohi at a lioardlng^ at tliis tin^e, 

and it was h^^rc tliat the biidding young LioQfean Soeit^j* held its 
early meetings. 

AVhen ho wqjs nboitt 10 years oM he began to write out and pres^erre 
hh oh^^rralktns on birds, and some «f written in a very yoiitlu 

fill band, are still extant; but it was not until 18T2, when a boy of 16^ 
that his efforts had cry&tullisM?*! hito a plan to prepare w TX^port on 
the vertebrate fauna of hifi regton^ and he set to work with all the 
energy and enthti?.iasiii of youth to gather matcrih! and information 
for this purposok It was m the spring of this year that he seriously 
begun a collection, and he then formed the haliit of carefully labeling 
his fftseciiiienSj noting any important items connected with each ob- 
j^-t^such as its dimenrions in-the flesh* the color of its eves, and other 
facts of interest. This habit was faithfully followed in after years, 
and in binls alone it h estimated that over diOjOOO measurements were 
reconled in bis variotis field caialogiics. He did not cs^ufinH his atten¬ 
tions to Konlogy, but devoted hinn^lf to the flora ns well, and unlike 
IlianV young studenLs he was mmbitious to learn something of foreign 
species, for os early as 1875 he was m rorrespoadenco with one or 
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more Europciiii collectorH, from wboiu lie obtaincfl uiiiny spccmifins 
in cxt'hnngc. 

Hi-h fttvt publislied im]Jer, on The Capture of sovcrul Tlsre Binls 
near IVest Pointy Y.” * appeuml in January, 18TS, imd it IS worthy 
fjf enninieiit that under the first species mentioned, in this paper he 
iicknowlitigcd some information received from liis “ friend, Mr. 
Tlieutloro Rcmtievell,'’ inasmuch as nimost the Iasi field work he ever 
imdertook was with this same louder of mem 

Tlirce other notes followed shortly, while a paper on “The Wliite- 
headed Eagles in the Hudson Highlands," > presented at the meeting 
of the T.lnnaian Society of New York, on .Vpril 6, 1ST9, was the first 
communication read before tluit newly formed society, end was ap¬ 
propriately published on July 4. Toward the end of the year ho had 
made sufficient prttgresa with his big undertaking to look forward 
to 11 suitable medium of publication, and he wrote to Dr. J. A. Allen 
for ml vice. This letter, a copy of which was found among his inanu- 
fitripts, is here reproduced, us it emphasiEea the importance he at¬ 
tached to specific, os opposed to Tagtie general records, and illustrates 
tho si'i'imis tihd painstaking methcMl with which he handled his foih- 
jeet. a method of precision that he adhered to throughout hU scieu- 
tilic work. 

117 W. ST, y, V., A'flc. J7, ffiTrt. 

Mr. J. Atxta, 

IffiAn I hnve wiiiitfiL tti Ust ytiu iiiu'Mhrtih wltli n^j,Ninl tn 

Xrm jj U«t lif Ui[? tliP HuiJiWii River, irnil llif^ prej^nt eihpurtuuirj 

do KK i 5 lii?;iilcLrly eiiouirl^ ihefv t-f n® meilliiin ot iJUbUtodoii for hih L nii 
In tills STiito, The New Vtn-lt Acaderaj'^ has rm,'titLy dumped very mudi Ja 
ItB cbamcler* in«i ilr- tJeo, N- Lnwreuee tells ii^t‘ It ivotilU |>e lci 3 |hiH<i:l^]c to ^et 
them to iiuldiwh auy luii^thy pApor ou acoolojo'i m imirli dlEUculty In ^et- 

Ut*i? them li> Inte oven brief jirtlele^i of lil« owa^ 

I nm ^Thtlng q.utte a hulky Ust of tlw Uudson Valley BdR* wllh wldch 1 um 
UikLo^ the frreatest pnluH; piirtltulurly rejsurdla^ dsitOH of 
Life-hall Its, etc. 

Oii€? of the more liuportiint points la the nertliera exteidslon of the " fajno* 
iilntOFt Fauna up the lludsurth. 

I think tho whole number of species tii*t have been toJtrti lu the HudAOtt 
Vollx^ tuuiHf Diherri will hi.^ Lneloilt:^^ will sxiirjUUC to about 
1 Lave hoen eompiUnj; the data of this Lint for Kevnrul years, Aod now my 
object In wTlllnff \q yon. Is to emihlro whether there any avaSlftble faelllticii 

far the ]L*it tnihlliihecl clurJixiigf the voinlii]; winter or ?^kr|ti^ Would the^ 

** ItMoton s^E>«ieiy NaitimL HLst/* or ^ Itullutio ipHtltule^ do M If yao 

wUl bo kind enoi^th to udvlJiU luu I shcLll be ejLtreiiicly gruteluL 
I Love tabulated nil fif the iipedmeni I have tnkeiL (IfiOP) in HuiIbod reglou^ 
aad have fcimioU]te4l tables of uih tamremeni* cif nil of the ope^^ilmeikrt takoix I 
Ibink tlinE these table# contain matter of mifhclelit Intorest and hapcirtntice to 
u'ELrriLiit puhliecLtlun, Lu the cnBe of lh& rarer s|>eclo# estH*etiiby^ Aa time pro- 
we all know thnt very ffcnsldomhio ehjitiae-^ tnke place, r&ffi«ctlti'^ the 


Ktlttan Ore, nob, Ilb Ka. l, JiLODirj« IRTrt^, 45, 4fl. 

' Forest BJMl Straini+ X, Xo. lib July 4, 4i;i *, Xa. lia^ ^iilj IS, ISTH^ 4011, 403. 
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pws. ilJi^ti-ibuUiiii of ihe B<K Very many ortJtJiulo#:lstji. of llio firtiscnt <tAy 
receive witli many i^atfimeuLs «f the olil unlunillstK, ivLddi iMdi^ lie 

worthy of p^rf^ct crctloncc. Now, if Jj4: Kay aod Qirttv4t wlio tire nbout eiir 
only N. Y. Stnto anUioritliis Tind nMlile ^pCci^To In^teiKl vf yf^crat jstattiToentH 
mrarrltTii; wuh fts JETtftptra lA^phrjSifitfnr$ WooTiir, Thrpn^ 

tharuM latloririanv^ raroilnrn^ ulid Msi^rnirtii, Uielr ob^rva- 

tlQiisi wnuld Ih^ of the vnloe; but tiuiny iH'iwna miw ib^ubt the inttinicy 

fpf thcw obwrvAtloiLrt, I tldnlc tbo tables of ispeciiuons ciititur^^^t 
uremeuta lixmld he tiif 4 ?fiil It* tMs woy it Jn no fither^ However I aiu <iillie 
wUtLh^ tu lio ndTired In thlfl matter^ 

This paper, Li? 5 t of the Bird^ of the Hudi>oii IlighiandiJ, ^vsdi 
anootutioiis,^' wais begun ishortly in the ^ UiiUeiiu of the In-^ 

HtitntOp’^* seven mEtalhiient^f ap])eHrtrig lietw'een 187& end ISSl, with 
an Addenduiu issued in The Aiikt’’ in tSllO. As printed, it luck^ 
ilie tables of measuremeuLs, these heving been reduced to a simple 
stiiteiuent of the average duneiisioiis of each species, Ikjetor Alien, 
in reviewing the first four parts, said: 

• • • Hlo own e'k^pJi when rvlutlng to some of chip IpmI tnown hlnls, 

nre ri'plete wllh uew tsifiimKillwQ atlnirfivvly itrvmnUiil, b-w Ibts tin vine tip 
poaml which tifl'isr sm luacli thai la renHy a contribution to the subject In u fltld 
where H 0 little tt-ally new la to In* looked fur. 

Ill antiuuneing Inter purls, the snnie reviewer wrcjte: 

TIuf hlnh prtilse ncvonled tbo rarller Inatnllineiits la ccjnaJly lurrlied by tliose 
nmv onder noticOf Mr. Metiroa's “ lAat of the Blnis of the Hmisiin Eli^hiuiuli^^ 
mnhlnj; tonally unupni; the of our Hat i^f rrpntrlbiitionii to hH'al ipriit- 
IhoToK', ^nu?fv Ih jnticU said abom tbo habits of various b-pcclcs Pint U enier- 
falnlni^ or new ■■ ■ • 

Doctor Mearns intended this paper as the beginning of a complete 
catnlogiie of the vertebrates of the regiun, hut his entrance into the 
Army in 1863 caused the abandonment of this plan, althangh ho later 
piiblii^lieil part of his data on tlie reiuuimng subjects in a 
pa[)er cnUtlcd *'A Study of tlie Vertebra to Fauna of the llud^n 
Highlands, w'lth Observations on tlio Jlollusca, Cmsstami, Lepidop- 
te^^:^ and the Flora of the Region*^ ^ 

After completing hiB medical course in 1 he married Mi?s Klla 
Wittieh^ of Circlcville. Ohio, who shared his love of natural history, 
especially botany, and gave him considerable ttssistaiico with his col¬ 
lections. Tliey had two children, a son, D>uls cii Zerega ifearns^ and 
a daughter, Lilliftn liuihaway ileamA. 

In 1662 Doctor Mearns look an examination for entrance into the 
Medical Department of the -Vrtny, but the evenly of that period are 
best told in the following extract from a letter he afterwards wrote 

*Oa]b pwris lurt., X. ISTS iimj, IW-lTOi Xl, 1ST?F, 45-M: X!, JBTft, l&4«ifts. 

Xb 1S1KC04: XII, im H-3K; xii. la&i, xm, isai, 75 ^ 

< BalL Amer. Mob- X4t^ UljEt, X ^^ 2 . 
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(Mtti eh Ifi. iSSTi) t<i Ills old pr«<?eplOi\ Robert DonuLci. lliea at I^nes- 
boro, Miqil: 

1 Isfortiieil yoVt I tiilnh, of luy JetcrmliKitlofl, you Iniow Lt }mi\ twMi my 
wish, to enter ttie Anuy, of wj up tHi^fore Uie Army metllral ir^jaitoluluif 

tK>ar(J and of nay [uiHHing Batih^rturLLy tlie ciaiEilnatSon. I did nut mrelte my 
a>iimiiB&li>n Pt usi<® tmt spent tlie sutnincr Ln iwttlinj^ up oiu busKne^ urTuIra nnti 
Ln prer^irin^ to go to Ne^^' York for tlie winter. 

I atorefl tny rolluetiMi of Bpecfiueiei ut Uie AiuiertatD of Xfltunil Ills' 

lory, IJ, nud on tin? fir^t of IJetplMT was cullud tlitire leiuiMsrnry euriitur of 
Omlthulogy. and fli«*nt ttie winter. WliUo Uiore 1 laljeled nH of itH.dr lurj^ 
<.* 0 ] left Son of blrdav aod muny otSivts from Asia and Afrlcitr ontl got up 

catnloim^i of nil ths ornitboloidoal uiid oolo^jeul spot^imenn In nmnuscrtpls 
with pdnteil beailiogH for all items of doslmblo dntii toiieomlng the efiieeimmiH. 
Tlio luoK! liuiM>rtrtnt thing timt I aocompn-^lietl there was tlio estiihU»<lituent of a 
cabinet eoilectlon In vertohratt roology for the use of stndontsw 

Cffnfirmation of this las?! statement is found lu a ret'ent work^^ 
where it is stated thnt “the^ first material for study euUectioTUi wa-^ 
giren by Dr, E. A. Stearns iti 1802, eonsistitig nf sskins and eggs of 
Koiih Ajnerican and European birds.” 

Doctor Steams participated in the organization of the jiVmerican 
Ornithologists' Enion in September, t8S3, and on December 3 of that 
year received his cotniiib^ioii as assistant surgeon in the Amiv, with 
the raiik of first lieutenant. He was ofTered a choice of several sta- 
tioT).H, and selected that of Fort Yerdc, io central Arizona, as promis¬ 
ing an exceptional field fop natural history investigaLions, lie was 
accordingly assigned to this po^it, which he reached early in 1884. 
Fort Verde, abantiuned os a military station in 1091, was then a deso¬ 
late arid place, but to Mcams it represented a new world, peopled 
with strange animals and plants, ail worthy of the closj^ Ktiuly. 
Within sight of the fort were ancient cliff dwellings, silent remindm 
of a vanislicd mcej and San Fnincisco ^louutain, then pmcticrally 
unexplored, was also visible in the dktaiice. lie set to work with his 
customary vigor, devoting all of hb leisure time to the formation of a 
splendid collection of the animals and plants of this section of 
Arijinna. The ruiDs in the neighlwrhood were also examined in con- 
si dcrubto detail, excavations were made, and thousands of relics 
rescued from oblivion- Ho wrote a delightful and extremely inter¬ 
esting account of these explorations under the title, “Ancient Dwelh 
ings of the Rio Verde Valley,” which appeared in Popular Science 
Jfotithly for October, 1890. 

During the nearly four years ho was stationed nt this Arizona post 
ho was attached to various expeditions, sumo uf them peaceful ones, 
others S 5 cnt (u pursuit of reiiegiide Indians, In the letter to Mr. 
Donald, quoted above, he wrote: 

We renebnj Foti Verde on Mni^b 25rb^ 1SS4, and, by a e<»lnel0isctoe I 

uni jtiHt In TWfclr^ unlirrs to <m tbot dnj iblft year ha imrveon to eburgti 
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of tbc two Cjii-nlry re^flimiiiLK tliat ure ulwut to stuUoiiit boivreen 

d^ha-rtinciiL nud 1 wHl luivo two ULilnjs A»w'i Kiirt;euii!!< witli mo, wlilt'h 

will uuiko my y^bL nnd au Uicf BUO iuRoh of rldloi; llittl t 

will Jiuvv, ibow will 1 m‘ miioh tolauro iintl opiM^rtiinlty f«r noologioal and h*.^ 
tiinlwil work. 1 wtis ^Li oii the flnst cbulce tu on lbs a eiliOilltloiv find glmlly 
for tlio Kfikc of Ibo tu/ormutlon whtoti 1 to of tho fauim 

ftinj floni of tlip Will thorn iwirt of Arizona and Nhw Mollco. Thu fui^lhml 
dln^tor ts iKmonolly frluoiUy towunlrf mo, and CJwi^nil Oooot, wIki comma mj* 
th^ Dotiartmoiit, la tKirliuniiiHy iijUMrost<*«it In iny rmr^nlM and has dueon mo 
to JiOOoiDp 4 iay 03 m on two loTiit throui^ the wildest iimE Iuuni. kuoivn 

ponlohs of Arlsi^mi. i;m each of theiffl trliKt an entlro lutnitli was In thr 

and n larjifo collection of ritivural hundriHl siHJcinmiii* of vujrtehrnto 
animals ^'os mude, which wvjw tnilli^po^tud^ lusretiier with th« tuid of oor 
(dtinder, upon pnek mules in ptannloruL 

The ctmteniplntctl triji wus duly perfoiTncd, iintl n lon^j aceouut 
of it was record^ m one of Ids mami^^ript jimrsifdsp 

Doctor earns was popular with ULs bmthej' oflieei^a, who marveled 
at his dili^^enca and imliringr sti-sil in the prep u rati on of spcelineiit?, 
and mimy of tlivru brotight liim tn>phiea of various kinds as con¬ 
tributions to \iis eoUijetions. Thttse cnnlial itdiitions w ith lib oflbial 
associates continued tbrouglioiii his career; indeed* hb eaniest and 
trustful nature and gutiuinel}' frank and straightforward character 
perrnitteil lia other course. 

Eadj in 1S88 he was tratisferred to Fort Snelling, Jlinn., w^hero 
he rcjnaitiefl until 1831* returning to his post again in 1363. In tliy 
winter of IS^SMIO* at which tiiuo he rcceiAXHl hb captaincy^ a few 
months 6|ient at the American enablei:! him to describe sev¬ 

eral ne^v luamiuub and birds from his .\rixOiia ctdli?ctionSj as well 
as to complete other manuscriplJS. During lib stay at Fort SnelU 
ing he borroVi'Ctl a [urge scric-s of B|iarrow hawks from various friends 
and musctinoi and invei^tigatetl the gctigraphical variation in llib 
species, the results of which %vere emlaxlieil in a paper entitled '‘^X 
Study of the Sparrmv Hawks (suhgeniia ThinujU^ulm) of America* 
w ith espw'ial referenre to die cfflitinental sl>eeJes (Fsho 

■\Anken the Mexiciin-United States Internationa! Boundary Com¬ 
mission was organised in 1^1, Doctor Men ms was directed to act 
as inerlical ofRrer^ with orders to report for dut 3 ^ on February 1, 
1832- By "‘previous rinTcspondence with Lieut. Col. J, W, Barlow, 
senior commissioner," he had obtainetl [iiitliority to estahliifh hio- 
logical section of the survey,, prcivided ihb could be arcomplishetl 
without additional cost^ to the commissioiL By conpenition with 
\.h& Ignited States Xotional ifuseuin !ie was eiuihled to carry out his 
dct^igTi:?^, and lie jwnioiialiy ^vas able to conduct cfoiervatiGns along 
the entire line from El Paso to the Pacific, including San Clemcnto 

IX. July, 1SB2, 253-270, 
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l^bnd| wKidi lie vbiiteJ to ctirry lii& invciitigutioiiji to ilieir lugicttl 
The work was continued up to Septomber^ 1804^ except 
for ail interI'ld of a few montlis in the preceding ycur. wben bis time 
was divided between Forts ILiueock and CJark^ ui Tesas, During 
his work on tbe boundary iine he had the iservices of ona assistant 
for a eonsWerable part of the time, os welt ns tbe voluntaiy old of 
bis fljrssociates on the survey. As a mult of tbeir combined industry 
about 30j00t) specimens were collected and tmuHiuitted to the Fuited 
Slates Notional Alti^um. The collect bus had been careful ly made, 
to jUustmto changes in tbe animals nnd plants in the various faunal 
areas through which the expeilitioa puijj-sedj witli the view of throw^ 
ing some light on ioibspccitic variation in them. 

At ibe close of the llexicaii boundary work. Doctor llearns was 
ordered lo duty at Fort Myer, Virgiulaj with jieitnission to study 
bis collectiorwi at tbe National Mu-scum* lu the iLme at his disposal 
be made considemble prc>gix?ss in identifying the matnuials, and in 
discriminating the several life zones of the boundary line. In addi-^ 
tinn to tiie faunal ^nes currenLly rccogtibed he suggested several 
Icisser geographical area^ wdiicb he termed ^differentiation tracLs,^^ 
He bad planned an elaborate report on the biology, geology-, etc.^ 
based on tbe boundar 3 ' collcctionSj and bad accumulrtted a vast 
amount of data and manuscript for this purpose, but Congresss 
withheld the sum estimated to cover the oo^ of printing and lUus- 
trations, and the project was reluctantly given up. Tbe fir^t [>iwt 
of his report on tbe mamma Is, the only one thus far publidicil, was 
issued in l&OI,* and cxjutalns upward of 500 pages, with many 
plates and text figures. It iududes much introductory matter of a 
general niiture, w'ith an ititierary of the expedition, an aeeouiit of 
the life areas, lists of the trees, etc-, of tbe ^^lesican border, and is 
an excellent example of tlm careful and detailed methods of its 
author 

In Uie autumn of 1890, he devoted his vacation to field work in 
tho Catskills, and to rambler in die vicinity of his old home. A 
paper entitled “Notes on the Mammals of the Cut-skill Mountains, 
New Yorkt with general remarks on the Fauna and Flore of the 
Region.^® was ba^d on investigations mado iit this time. 

Aftcra few mnntli-s'duty at Fort Clark/Texas, in 1RD7-1698, he w's.^ 
coinniis^ioned brigade surgeon {later thief surgeon) of Volunteers, 
with tbe lunk of major, in the Spanish-American War^ serving 
until March wiieii be w'as honorably discharged and re¬ 

sumed bis regular diitie& His next station %vas Fort Adains, Hboilo 
iHland, where hr sertixl during parts of 1899-1900. TVliilo there 
ho Joined the Newptkrt Natural Histon- Society* and took an active 

^ BatL U. 8. Nfit. Mofl, Ncpl fiW, FU I, lilOT- 

■Prot U. B. Hoi., XXI. im, Ml-SOO, 
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part in its work, especially in ctiliecting in format um relative to tlie 
present and former status uf tlie niainnialiaii fauna of the Stole 
Toward the cloise of the year 1000, he suffered a nervous breakdown, 
probably compHcated by'earljer attacks of malaria, and was granted 
several montlia’ sitk leave, part of which time he paisscd in 1 * loriila 
in an effort to regain his health* Three monthH or more w’ere spent 
in comp in the Khsimmeo prairie region, and while there, in Feb¬ 
ruary, 1901 , he received notice uf hb advancement to surgeon, with 
the rank of nnijor. Upon hia return in Jlay, much benetitotl by ids 
outdoor life, he stopped at Wosliington and devoted several weeks 
to fl study of the series of jaguars and otlscr tropical American 
cats ut the National Museum, the results of which appeon^d in a 
number of papers published during the ueset few moiillts. ^ 

At Fort Yellowstone, where he was on duty in l!>ca,lic was particu¬ 
larly active in gathering botanical material It was here that he 
bd'ame uwari* of the destruction of biid ami animal life ihroiigh 
the presence of a heavy gas, aupiMsed to be carbon dioxide, which 
settled in certain depression* and cavities of the eanli, niusing the 
death of all small animals that ventured into them. In the coursa 
of a few months he detected Id Bpecles of hiruls, uumhering many 
individuals, that had perished in this manner, and be was of tlie 
opinion that “ hundietls, if not tlioueands ” died from this cause dar¬ 
ing the year, lie reconletl the observations made here in a pul»r 
entitled Feathers beside (he Styx ” 5 ^ and, before leaving the pmk, 
ho requested the superintendent to have the most duiigciuus spots 
provided with wire BCreena to prevent the birds entering them. 

Military service in the Philippines, which he visLtetl in l!)03~lSKt4 
and again in 190»-190T, afforded Doctor Mtarns his first oppor¬ 
tunity to study nature in an entirely new dress. The islands 
possessed a rich and varied fauna, with many areas slill unexploreil 
or but slightly known, while many problems hearing on the dirtrihit- 
lion of species within the group remained to be solvetl. Ho was 
largely rcaiwnsible for the formation of tin? “Philippine Scientific 
Association,” a society organized on July 21, 190(1, and having as 
its chief object the promotion of sciimtific effort in the Philippine 
Islnmla. It was begun under the presidency of Major General 
Liomanl TYood, u broad-minded oiliccr, who encouraged every form 
of scientific endeavor, Mcarns was a most active member of this 
league from its inception, and his quiet but effectii'e ^lowcrt; of 
persuasion, and his ability to enthuse others were the means of 
securing much material and information for later study. During 
the year covered by hb first vdsit, be serviHi ns surgeon in the mi II- 
taiy department of Mindanao, where his time was fully occupied. 


>CiDnd«r, V. IttM, 
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SO niuch so, that it was often necessary for kirn to work .far into 
tlio night to piTscrye £r>eciiiienH brought in to him during the day. 
In hifi nfficinl ewpatity he accompanied eight punitive espcflitions 
against hostile iloros, blit even under thfc^ circumstances lib cob 
Icctinns c-cMitinnecJ to grow, thrf>ugh the cooperation of hk associ¬ 
ates* F]thnological inattuialj siich as bolos and other native imple¬ 
ments and weapons^ together with various editions of the Koran, 
were secured on these foniys and utiliKcd as specimens. He aocom- 
pAnie<l General TiWiod on three trips of inspection to various islands, 
aoiiie of them zmdugically unknown and randy VLEiteil, and during 
ports of June and July, ItMM, he aacemled Mount Apo, the highest 
peak in the Philippines, where ho made general collet-tions and 
secured much infurmation of value* In tlie es^ploration of Mount 
Apo ho vras anticipated by two Englisli collectors, who had made 
collections there hardly a year before* 

Hard work* combi not! with exposure in a tropical climate, had 
its effect, anil in *Septeuiber, 1904, he was sent to the Army General 
Ilofespitiil at xSan Francisco, suffering from a compliciUion of tropical 
parasitic disorders. He visited Washington after he had partinlly 
recovered hh health, and took advantage of this opportunity to 
study soma of his Philippine materiah and in a scries of fiv® papers 
issued in the early part of 1905, he c|«icril)eil G new' genera and 25 
new species of mammah, a new genus and 19 new s|jecies of bircla, 
l.M?sidcs rci'onliJig 8 species of birds not previously known from the 
islands, with notes on other of the rarer form^ Other new types 
ciiiUrnce<l in hb collections were made know'n by experts in seveml 
branches of zoology^ 

On July 20, 1905^ Meams stopped at Guam, on Ids way back to 
the PlulippiucK. and here he made the inevitable collectiori that 
iittcnilcil his every pause* however brief, in a new livrality- In the 
few boiJn? spent at Guam he nbtnined birds and a variety of other 
matcrinl. To him every specimeti had a potential sacientific value, 
imd if worth piicking up at all was worth latjcling with its full history. 
This applied to all material, whether in lib own chosen firhl or not, 
his theory being tliat if a s|>eciiiien proved to be of no interost it 
could be fjjiHily fUscurded at any time. 

During the two years of his soconcl ppricKl of sendee: in the PbiUp- 
pincs he was enabled to roach many interesting aucl obscurely known 
islands, Imving the good fortune to aceomi>any General Wood on 
tours of inspctUioh to the northernmopt and P^iithcmino^d points 
of the Art-hipclago, but space forbids notice of other than hh two 
chief exploits. In May, 1M0, he was placed in command of a ** Bio- 
logical and Gengi'upldcfll Reconnoissance of the Malindang Moun¬ 
tain Group*” in western Mindanao, wdiich was organized to explore 
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flnd mii|> tho region and aial^c i'olleeiions of it? niitiiral products^ 
This e^CfUKlition, Driginally t'onsisting of 21 white find 28 nntivo 
left the old fiirt at Misiiniis^ on ^Iiiy 9,. and Gspcrieneeil 
many difRcuItiee^ a^ctfnding one spur of tin? niounhiin after uoolheri 
only to di? 5 rovpr that aJi inipasscibSo gorge several thousand feet 
(h'op spparateil it from the main By May 2^ the party had 

become redu<a?d to half Its original numbeCj dm>iigh tho departure of 
various members to tho coast, Tlje I'eniainder pushed on, and at 
11.30 oVIock on tlie iiioniing of dime 4 reached the top of Grand 
Midindang^ the second highest point in the Philippines;, and pre¬ 
vious! v iinvbitcKl by civilized man- It was foggy and coldt but 
Doctor M™ms rt^-iunined rm the summit three days and idghta to 
eccure a gtxid series of animnl life of that Bltitiulc, The return to 
thi> coast was comparatively uneventful and occupied only a few 
days, A gcwxl map of the region waa prepamlj and a ttuniber of 
new aoimab; and plants were discovered, including a 

nc%v genua of birds. 

One ncbievcnient among ifeams's Philippine experienc<^ sdanda 
out more proniinently than any other, namely, his ascent of Blount 
Ilalcon^ which was undertaken at the worst season of the year. 
This notable expoclitioiij hcadetl by Doctor ^feaiais, was orgtinizerl 
under the direction and with the support of llajor General Leonard 
Woofl,” it45 object being to ^’detnrmine some feasible route to tho 
mountain, to Ai^end the highest to secure iimch data as 

possible, and to collect objects of na I lira I iibtory.'' Klnier D, 
Merrillj botanist of the expedition, lia.^ fortunately given an acocaint 
of this tripi, and the extracts here quoted are from his piii>er. 

HaJeoa, the thlnl atstwft iM^iak tn ttie L« j^lUiaieil tn the narfh- 

centrflil r^rt of ^IlnUniTfi. IVltlk no kmiwo tralta L^dtaK to Ic. Htirtpuafled Iry 
Ueiute fAn.'fcut, rut att foau tbe ettnst h,v lUaieiilt rlUai?^ anti Inns:- rivers subject 
to dnarriMJUJ! rtinl nmilUna fltMHls, It inciccefls^iible. Its location 

|9 pprbttiw In tho nKkat humid jKirt of iho PhtUpnlnet^^ w bun- rultis cantiiuio 
for nine monUis la the year la a ri^Rlmi ppftEraphlcaUy quite aaknuwii and 
liihablt«l br ft po^ailatlrm of cntlroJv wild arwl very tliiihi jieoplc, ami on 

iin Island reaanlln?f which there Is a wdUesipread mal aeneniltv awiFi>tei1 
as to lt» nnhttilihfalnvwi. AlLbinmb wllhla Hin mllcH of Maalhi nnd not more 
than 15 frotu Cnlaputi. the eatiltal of mindoro^ so Ear ua I have been able to 
dylennliH* It remaioMl nnmnqneml iqi lo llic IJIOGl 

.Toliti vniUebead, nii Ktigibli collector, who rcHclicd one of tlic out- 
Ijing Btiurs of Hakoij in the winter of 1895, wrote of this region: 

1 lidTc J*-,*! II Eooil ilcnl fit thd Tniplw. Imi I iwrer cnmunti-riil sndi iT-1 ii| ;wmi 
such lTic\=#saal rain, or snich thoUFuaUn of 

The Menms party, consisting of 11 whites and 22 natircs, left Cala- 
pan on Xovriiilicr 1 for Subaan, where it Ijegan its ioiirney tnlnnil. 
The esijctlititui discovered sevoral iinchnrtefl rivera, which had to be 
fordMl or crossed on nnle bridges constructed iiy the party, ami prog- 
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ress ^us impeded by the almost conEtant rains, the dlfficulticis of trail 
cruttiii^, and thcf gwnniis of lacche^, the laticr eonstitntiiif^ n notonoiia 
clniwback to travel in the forests of tlml region^ The privations o£ 
ihe Journey are graphically set forth by Merrily who states that the 
e^fpcdilion reachetl the siminiit on the afternoon of November ?9p but 
remain 0(1 only long (^oiigh to take aneroid readings and de|>asit a 
record of the trip- The return to tho const wos not without tRuible, 
since nearly 14 days were itHriiiired to reach Snluaam Carriers sent 
down in advance for fo«Kl and stipplies had not returned t the remain¬ 
ing members were obliged to carrj^ hcjivy loads; a bridge made by the 
party was washed away and had to be rebtiilt; blinding min con- 
tiiiueti for days without a pause; two men were lost for several days 
and later di^^covertHl in a bnlf-famishcd state: and all of the party 
were on short, rations- Thaso and other troubles were incidents of 
the return trip. At length, however the party reached Snhann, 
Decemix^r 5, after an iibiiience of 40 dajra, iTio zoological results of 
the trip were disappointing, since only by the escrcise of great etfort 
could apcciuienF? be preparcc! or saved from Inter dcstniction by iiioi«t- 
tnre. Furfhemun'e. Doctor Meams noted rtntt the mountain birds 
had descended to lower Iovela to escape the rains, and flocks of them 
were obsen-t?d passing up the mountain side when the party was on 
its return to the coast. 

Late in 1907^ Doctor jifearns returncEl from tho Philippines and 
was r>nleped to Fort Totten, New York!, where he remained nearly a 
year- While at xlm s^talion he indulged la a garden and d(?rjved much 
satisfaction from growing a variety of vegetables and registering in 
his noteliooks the results of bi^ toil, indicating the treuUneni^ yield 
and value of cncfi kind piftnteil. It was at Fort Totten that ho 
became a>vare of the presence of the disease that finally brought his 
career to im end. 

In 1008, President Roosevelt plaiuu^ im extimsive hunting and 
ecientlfic expedition to Africa, and invited (be ^^tiiillisnnian InMitu- 
tiou to participate, witli the view of muiriiig the best results in the 
preservation of both liirge and -small gnme^ The propiK^ition was 
nc(?epted, and Doctor Meams was suggesteij for tlm position of natu¬ 
ralist. He ngrecfl to iindeitake the jouniey, and on January I, 1900, 
he wafl retired, with the rank of licutenimt colonel, but *^in®TgniHl to 
active duty with his consent,” with orders to report in pet^on to the 
President of the Ignited States for duty.’* Concerning the objects of 
the expedition President Roosevelt wrote hun: 

While fmr wt3l he loatnlT of iimmiiuilft ami blnfa, jet If wp ran 

B(|il itTol frpj^ti'water It wU] certalulj lie OcialnihltL While not 

making a speclul efTort In the collect!on of liun'Ciiq aoU plants, It will jet tie 
deiilrahfe to tit* nil thnt mn ennvenlenflj 1 h" ilrme In tiuw (Uir^itltinyt 

Ihirtnr VValcntt re<.t>ii]iinMi(Ied jnii to mo ttn Tielnir the flelil naturalist and 
fxjllector Sn the Fnlletl Estates; and as I already- knew well the Eniinlrahle wrork 
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TDfl hud dont! 1 W 19 (tiily loo phid to nn^ui to the rewmiueiKLitlon. and, sword- 
Inety- (It his r*|ii(!st dmlliJd r«tt to take chanw of the m-leLtlflc i^ort of the 
expedldoiL I know no nne who covht do It as well. 

The party, consisting of Colonel TtoosoTelt, his son Kermit, Doctor 
Hearns, and Hessre, Heller and luring, sailed early in Marrh, 1000, 
and WLis abseni nearly a year. It traversed sections of British tast 
Africa, rrherc Meams seiacd the opportunity to collect niatonal on 
the slopes of Mount Kcnia up to the Btiow line; Uganda, acn^ which 
ho joiimeyed on foot, to enable hint lo make better collections and 
obscnatlons; finally passing tlirough the Lado Enclave, down the 
INTiito Kile to the coast, Tho conrae of the expedition and its rraults 
3 TO matteia of histon', and it will suffice here to ^tay that of die 
iipwiinl of 4,000 hirvlfi coQected, over 3,000 wera obtained by Doctor 
Mearas, who also secured many small mammals, plants, and other 

his tttnrn to TVoshington, Dr. Meams began n general re¬ 
port on the birds and published fieveml preliminary papeca describ¬ 
ing new forms obtained on the expedition. While thus engaged he 
ivas requested by Mr. Childs Frick to undertake another Afncan 
joumov, whieh was to include Abyssinia and little traveled parts of 
eastern Africa. Although less physically fitted to undertake difficult 
ioumcTE than formerly, the advantage of having more material for 
comparison appealed to him, and he was unable to resist the tempta¬ 
tion. Ho became a member of this expedition, and the latter part of 
tho vfAr IDll found hitn agmin in Africa, from which he rctiirrtrf m 
Wtember. 1D12. Tlie party entered at Djibouti, French Somaliland, 
and traveled inland to Ditfl Daoua, thence to Addis Abeba, the 
AbvssinSan capital From there it worked generally south by way of 
the Abaya lakes, through the Galla country, making a loop round 
Lake Stephanie and Bkirting the south enil of I^ke Rudolf^ and 
finally reached Nairobi* Part of the temtonr traversed waa pre- 
\iouaV unexplored, and tho liberal collections made over the whole 
route enabletl Dtuctor ileams to add greatly to his knowledge of the 
birdB of eoidem Africa* In April, 1912^ ^hen the expedition was in 
a remote part of southern AbTssinia^ his 0011 + Ix^uis Hearns, a most 
e^timahle and prtMinsing yming man. who had aceompanied him on 
many lesser collecting trlpa* died in Baltitnore, Maryknd* The newa 
of this !^d occurrence, which was withheld by his family until his 
ti^tnrn to the United States, provpfl a sewre shock to him. 

IVith largely increased collections—the Frick expedition having 
added over S^CNK) birds to hb avail able material—Doctor Hearns 
lignin resumed his studies^ intending to work up all of the African 
together. He had been relieved frorri further active duty at the. 
end of the year 1910 and felt he could at last make his plans and 
niove aa he pleased. For years he had cherished the desire to settle 
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doTvn to miisentii io work over collections ajid cojiiplote 

reports loog [>rojt!CtetL Tlie opportunity was now at liand^ but, ulna! 
not to Ih" rvitiked- ITie privations and exposure of Iiis niany travels, 
to^'ether with the pro^e^ of Ills iiialuily^ had so undenumecl his 
that his vitality bad reached a low ebb* He continued at work 
for two or three years, with ever widening' periods of innbility to 
reach his ofliuc. Tliinliing to benefit his condition, ho made severat 
short field trifis* in this p«*riod^ from which he relumi^i without ninch 
iitiii>rovenK?iit^ and at len^h he succumbed, in the midst of ids greatest 
iindort4iking^ snrroniided by a wcaitli of mater ini that wiLS largely 
the rtH?idt of ho? own induhln^ He passed away at Uic Walter lieed 
Army (Jenei^l TlosjJitnK in Washington, November 1, leaving 
bLs mother, widow, daughter, and a large mitnbcr of friends to ninuiii 
bis 1o!^ 

Dfjctor Mearns was of an exceedingly generous dispositionH, one who 
had no desire to retain the fruvls of hts labor for his own glory and 
fcitii^fiiclton^ hut prt^ferred to donute thent to iiiuj?ciiins when? they 
Would be. uccessiblw to nil for study. IT is earlier t?ollectioii.s, nnide 
up to went to the Arne dean Museum of Natural IItstori.% and 
Inter ones were given with ciiual liberality to iho United Htatcu 
Natiotuil Mibseiim. Clf shells, and probably either oUjecta etdlectoil in 
krge f]uaiirity, he dbiributed s^Eis to various tniiseums, while a series 
of human Bkelelons and crania fp>ni Hie cliff dwetlinirs at Fort Verde 
WU.S sent to the Army^ Medical Musennu An inkling of the im¬ 
portance of his contribntionsi may be gathered from the statement of 
Standley w'rites ; 

An nnmmltHt af the Meitcan BcariElari' f^arvey of he (wllecieU or hmi 

colIiwtL’U under hJs tlircctlor the luwwt uai.1 tw?5t rertv?*cntwtloii ercr ohtnlrred, 
CiuiHlbUliUf of scvernl thousand miinbers,. Of the of that iknrt af the Uoltod 
auU ^Icxhtin bounilBiTr which extends from Kt Paso, Tcxns^ to Snn EUe^o^ 
CnllfonilOi PirH'tor fleams eernml aim whrtt la inidauliteill^ Uh? larj^est eeriest 
plants ever DhtAlu^ in tlie I'l^ltuwstonc xVatloual Pnrkp aoU In nddJiion he col¬ 
lected extcnslvcijr La the PbUlpploeis^ Arizona^ Florida^ Rhude Islatul, BUn- 
oesota^ and southern New Tort. All Ills coltecUoM are i!epi>^liC4t hi the United 
Stntcst NaLiotmt Museum, nuiL pmlialjJy no one pen#Ofi bm cvnitrUittiwl n inr^r 
nuiulo-r cf plnntn to tliat liuitlhitlDD. 

IIoilL^tor, In 1013, inferring to Philippine manimals, said that of 
1,4S4 specimens in the Nntionut Museum,*^ probably by far the largest 
collect ion from the arcliipelago in any mti.seum*^ I>octor Mearns had 
given 1,012. More impressive figures may be cited in the ease of 
birds when it is knowm that more than ooedentb of the ttjtal number 
of specimens of biriis in the. United States National Museum were 
eUher collected or contributed by hinn 
The published writings of IXoctor Meams number about 125 titles, 
chiefly on biological subjects, altlioiigh medicine, archirology, and 
biography are also represented- Fifty or more new species of ammals 
65133*—SM 101T-43 
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umi plants liave been hbjuekI b his honor, as wdl as three genoru, the 
kttjLT ctHistitnting a mther unuatial distbctioti. ilcarnsi^ n tree of 
tho nivrtle fanvUy, is a native of the slopes of Wotint Halcon, and 
the same name has b«n oon£err«l on a rare swift from the ^kud of 
Mindanao, while lIwimBella conimemorates a genus of fishes from 
the bst'Uaiiicd locality. 

Docior Mciinis was n patron of the -Vmencaa Museum of Natural 
History: associate in Zoology of the Xntional Muwum; cor^wtident 
of the Academy of Natural Sciences of Philadelphia; fellow of die 
American Omitliologists’ Union; niemherof the Xalional (teographic 
Society, of the Biological Society of Wasliin^o^ of the Linna^ 
Society of New York, and of various other isocietits. 

For one who hud engaged in many diflieult ioumey^Dca^tor Mcarns 
was of rather frail build, not more than ft feet 4 inches m height, 
and probably never weighotl luneb in excess of IW pounds, but he was 
blessed with a spirit of determination that euableil him to accora- 
plish nearly evciy task he undertook. Withal, he was modest and 
lumssiiming in demeanor ntid seldom referred to his own exploit^ 
but was a good auditor and always mterftited m the expenencK of 
his friends. He avoided arguments and never iiidHlged m criticim 
of others; was fair and impartial in his appraisement of men. He 
was always willing to seek advice and give weight to the opimons of 
others, ^rene and placid in disposition, cheerful and optinuslic 
in temperament, he was fond of the beautiful in nature imd art, even 
of poetry, yet philosophical and analytical and systematic by natnre. 
As a friend, he was sj'mpalhetic, gcnei'ous, steadfast, and inteuJieiy 
loyiiL 
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Dr, Willisini Bullock Chirk, profcsaor of gtsjlogy in the Johns 
lIopkiiLs iTnivoi^ityy cniment for his contril.nuion:4 to gt^^iogy^ died 
sufldenly from apoplexy on July Ei7, 1P17, ut hh suiiiiner liome at 
North liav^.Mame. 

Willirtcn Bullock Clark bom at BrattleborOj Vomiont^ De- 
criiiber lo, ISOO. Dis parents were Eama A. and Helen (Bullock) 
Clark Among ]\h early ancestors wtro Thomas Clark, wlio cam® 
to IHymouth, AlussaehiL^^lU, in the ship J jmi in 1623 and who wa^s 
several tluios elected ^Irpntj to the general court of Plymoudi Col¬ 
ony; Hichard Bnlldck, who same to Salem, IfsiHsachusettSj in 1643* 
John Howl and j a memher of council, arista nt to the governorj ojid 
several deputy to the genera! court of Plymouth Colony, who 
came to Plymouth in the 3faf/f&w^r in 1620; John Tilly, who like- 
wba came in the and John Gorham, captidu of Ufassn- 

cJiui^tta tmops in King Philip’s War. Among later unoestors were 
William Bullock, cvdoiid of Alassachusetts tivxips in the French and 
Indian IPar, and Daniel StewaH, a mintiteman at the Battle of Lex¬ 
ington in 1TT5* 

Clark studied under private tutors and at the Brnttleboro High 
Sciiool, from which he graduated in 1870. He enterenl Aniherbt: Col¬ 
lege in the autumn of iRfiO and graduated wdth the degree of A. B, 
in iSdl, He immediately went to Germany and from 1S84 to 1S87 
piirsueil giHiIogita] studies nt the University of Munidi, from which 
he received the degree of doctor of philosophy in 1SS7- Subscr|iiently 
ho studied at Berlin aiul Londonspending much time in the field with 
members of the geological aurvev^ of Prussia iiiuJ Great Britain. 

Before leaving ^lunh-h Dcictor Clark was olTemI and accepted the 
Ijoi-ition of instructor iu the Johns Hopkins University. He was in¬ 
structor from 1SS7 to Ifi86, as^iato fitmi ISm to IW2, associate 
[irafespor from ISV^ to ISPi, and professor of geology and head of 
tlie depi&rtifient fnmi IfltU until the time of Ills deatin lie liad been 
for a long time a member of tlio academic council—the governing 
IxhIv of I he nniven?ity—and always to<jk r very active interest in Its 
nirnirs, acting as one of the committee of administration while the 
linivei^ity was without a president. 
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In 18S8 he w.is al«o iiplKanted an assist,in«. geologist on Uic United 
Slates Geological Surrey and detailed for ^ oik on the Cretaceous 
Hud Tertian* formations of the Atlntitic Coastal Plum. At the arma 
time lie wJs i«;uestcd to prepare the correlatiun hul etm on tlw 
Eo,*ciie. one of a series of reports nrhidi were presented to the Inttr* 
LSl r.«l„gicJ Co..g.«s !„ in ISfl- 

Chirk spent the summer of 1880 in a i^tudy of the Loceno ‘ of 

the far West, while tho remuming p«no<l was oreupied m the 
gation of the Eocene formations of tlio - ,■ 

advanced to geologist on the staff of the Umkd htatea 
Survey in im and held this position imtil IPO*, since which time 

he has acted tts cooiiernting geologist. . 

Professor Clark oigani^d the Maryland State 
in I8fr> of which he was appointed the director and held the po¬ 
sition continuously until hh death. In 1S0« he orgainxed the Maij- 
land Geological Suney, and had been State geologist anoc tho 
cstahlLsluncnt of Uial bureau. The geological survey was enlarged m 
scope in 1808 by tlm nddition of a highway ,livisioi,, wlvich was m- 
strULted to investigate and report on the conditions of the reads of 
the State and the liest meana for their improvement, and i relesHir 
Clark and his associates threngU their publications and Hddre-^es 
areuscil much interest in the subject tliretighont the btato. In 1.^4 
tile duties of the highway dirision were miidi increi^d fay the 
Biiurepriation of !S300,0(H> ninninlly, to Iw met by a similar aiuount 
Iroiu the counties, for the building of State-aid roads by the survey. 
A Slim l^sc(K?diIl^f SiiOO.OOO vvus rUo siilm*qii<?Rtly ftp|>roprifltf<l for me 
building, at tho espeuRe of tho State alone, of a lughnny ctuuiei;ting 
Biiltinionj and Wasliington. Tlic diilieii of the highway division 
were transferred in iDlff to u newly organized State reads coiumi^ 
sion of which Professor Clutk was made a mcjnl>er find which posi¬ 
tion he held until 1011. Keurly $2^)00,000 had been cs[«iided, 
however, by the State geological survey in the supervision and build- 
iiiR of rttids up to the date of the transfer. 

llnckr an in-i tliB legiskiiirp passed in IDOO Finfessor Clark wag 
uppointed commhsiotur for Maryland by the governor (o represent 
the State in the reaurvey of tho Maryland-Peniteylvania boimdiiry, 
comnionly known as the Mason and Dixon line, Thia survey was 
coniplcied four years later and an elaborate report prepared. In 
l£K)ft ho was made a metnber of the Alary land State Board of For¬ 
estry and elected as its executive nfliecr, which position he held at 
the Viuic of his dftfttli. The governor aptminted him in ItKJS a mem¬ 
ber of the State c«nscrvation comndsaiDri. 

Profeissor Clark organized mid directed tho preparation of tho ofli- 
clal Statu exhibits of Maryland mmeral resources at the Buffalo, 
Charleston, St. Louis, Jamestown, and San Francisco expositiuns in 
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1901- 1902, 1907, nnd 11*10. Tlit'4«?s eslubitif uttraeUHl iiiueh 

uttoDtioTi Qt ihe time anti rc?cctvi>d a large niiiiilier of I'onspicnoiis 
uwiiixl&. The exliibits been pctinahenily itistalled as u Stata 
mmenil i^xhibU ut tbe stulehoiise in Anunpolisu 
WJien FrealJent Ruosevelt inTited tbo gr^vcmorH of the States to 
a conference on conservation nt the ’^Vbite House in ^fay^ it 

was arniiigeJ that each governor should apiMdnt tliree itthLsers to 
accoiriprfny liinu Professor Chirk was one of the lliirylanJ iidvLsejii 
and took jiarl in the conference* 

After the Rreat Biiltiniore fire in 1004 the mayor of tho city up- 
poiolcd Professor Clark a member of an emcrgenc}’' committee t<> 
prepare plans lor the rehabilitation of the burnt dh^Hict and for 
sevcml months he ^rved as vice chaii^iuun of the i infant ant ssib- 
rommittee on streets, parka^ and docks, wliosc plana reHiilted in the 
great changes Bijhsecjucnlly carried out. The foil owing year ho wa* 
appointed by the mayor tt member of it coininiitce to tie vise a plan 
for Ji sevienife.system for tlio city whicti lia^ resulted in the build¬ 
ing of the present modern ^syate^l of skewers. Again in 1009 the 
niayru' uImo a[]>painted hltii a member of a cciimiidttee for devising a 
plan for tile develojunent of a civic center for Baltimore. 

Since 1901 Professor Clark had been pfcsident of the Henry Wat- 
son Children's Aid Society of Baltiu^ore and was n delegate lo the 
White conference called by rresideiit RcHjsw^vclt in Febrnury. 

19fH), to consider ilje ^ibjeet of the dependent child- He was also a 
iiieiiibcr of the executive committee of the State tuberciiioals iLssocln- 
tlon and a vice preaident and chainnan of the executive conuniitee 
nf the federated charities of Baltimore, 

Nmueroiis scientific societies decled him to membership, among 
them the Xational Acudeiay of ScieiK'Vs^ of which he was chairman 
of the geological eectiOJi| tho Ajiierican Philosophical Society, 
the Fhiladclplua .Vcailcmy of Natural fkient^cij, the American 
Academy of Art^ and Science^ the Dautsohe rScologir^^L-lie Gesell- 
j^idiufi, ihc Wasliingtori Academy of Sciences, PalSontnliigist^ie 
Ge^UKclmft, and die .Vuierican Association for the Adranceinent of 
Science, He iviia councilor and treasurer of the Geological Sixdety 
of America at the time of his death. In IfKB fie was elecled a for¬ 
eign corn^]ioiiJeiit of the iTcological Society of London. Ho was 
al-o proiticnl of the A.ssociation of State Geologists. Amherst con- 
fcri-cd on him the degrt*e of IJLp D. in 1909» He had nymcroiis offers 
from other institutions, perhaps the mast iinportant being I hr pm- 
fassorsliip and head of tho department of geology at Hiin'iinl Uni- 
versjtyL hut all of ih^ were refused, and his devotion to Hopkins 
and the ideals for which it wtoixl was nmwerving. 

At llie. time of Ihe Intermitiotuil Geohiglral Congress in St, PeteiHi. 
burg in IS'97 Professor Clark was an lifiiilal Jelegate frcim the 
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Tnitu^ States anti s|wnt sevenil months in an cxtentkd trip through 
Rosak anti its iWncts. Iti IfOfi ho siient the ^imntor on an ox- 
potiilbn to contml Alaalta, Tieiting tlio rogion to the north of i rnico 
William Soniid. He tmTolca ostonsivoly in western America ami 
Mexico, reaching distant portions of the we^em Sierra Madro dis- 

With the oiilbreok of Iho oar Professor Clark became aelivoly in- 
lensrted in probicnts of defense and economic propa^no®. Me 
annoiiitcd a member of the Katinnnt Research Lovmcil and was 
chaicimm of the subcommittee on road matt^als and a m^her of 
the committee on camp sites and water supplies. Ho w'as also chair- 
tnan of the committee on Idghways and ntitnnil resonrccs of the 

Mar%'land Council of Defen.se. , * i i-* 

Professor Clark made numerous contributions to geological litertt- 
ture, his work l>eing Confined largely to the Crrtawmia and Tertiary 
formations of the Atlantic Coastal Plain “Tid the C arbmiifctoiia de¬ 
posits of the central Appalachian region. I ixifcs^r CTarks ehic 
paUntological interest was centereil in the Eehmoiden, to the ehici- 
datioti of Avhich groii[> he pnldishcd several moiiograplis. One of bis 
monuments will h« the scries of reports of tins Murjland Ocologiral 
Sunev, which set a new standard for State piihhcation.s both as to 
subject matter an<l hcmkiiiaking. The ^sitcinatic sports in which 
he was most interested will be of perennial service to science.^ 

Tic was a meinlxT of numerous clubs, including llie University, 
Maryland, of wbieh ho was a vice president, RoUiinore 
Johmi Hopkins, and City Clubs of Baltimore and the Cosmos Chih 

of Washington. , „ , i. 

He was married October 12, 18K, to Ellen Clarke Strong, dHtigb- 
ter of the late Edward .1. Strong, of Ttoaton, and had four children, 
Edvrattl Strong. Helen, who was recently married to Capt. II, Find- 
kv French, Atherton, and Marion, all of whom sun ive him. 

Professor Clark’s adminirtrative ability and professional attaio- 
ments are Itirgelv responsible for the extensive development of hlurj'- 
land’s minei-ai i4soan=e.=;. and his loss will be severely felt in all tpiar- 
tern. He was niwaya keenly intereslofl in the t'ducational value nf 
the work of the variotet State bureaus which he directed and had 
jost fiiiiidiwl writing a geography of Maryland for school-teachers. 
At tlio time of bis death he was engageil in writing a rt<|iOrt on the 
imdta'gruiinil wfitera of the State mid atiuther on tho coats. 
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